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L— Ok  a  N«w  Spkoiks  of  Chblonian  (Fodocnxmjs  mqtptiaoa) 

FBOH  THE  LOWSB  MiOOSNS   OF  EOTPT. 
By  C.  W.  Akdrbws,  B.Sc.,  F.6.S.,  of  the  BritiBh  Museum  (Natural  History). 

(PLATE  I.) 

THE  ooourrenoe  of  fossil  reptiles  in  the  Lower  Miocene  of 
Moghara  in  Egypt  has  already  heen  referred  to  in  a  paper 
pablished  in  the  last  volame  of  this  journal  (1899,  p.  481),  where 
a  short  aeoonnt  of  the  deposits  in  which  the  remains  are  found  has 
been  given.  The  specimens  which  have  been  received  from  Captain 
H.  O.  Lyons,  RE.,  Director- General  of  the  Egyptian  Oeological 
Survey,  indode  bones  and  scates  of  Crocodile,  Trionyz,  and  of  the 
Ohelonian  which  forms  the  subject  of  the  present  notice.  Of  the 
two  former  the  remains  are  too  imperfect  for  determination,  and 
fdrther  material  is  desirable ;  but  in  the  case  of  the  last  it  has  been 
found  possible  to  reconstruct  the  plastron  and  most  of  the  carapace, 
and  from  these  it  can  be  shown  that  this  Chelonian  belonged  to 
the  Pleuradiran  group,  and  is  referable  to  the  genus  Podoenemis, 
forming  a  new  spedes,  to  which  the  name  Fodocnemis  agyptiaea 
may  be  applied.  At  the  present  day  the  genus  is  found  only  in 
Sooth  America  and  Madagascar,  but,  as  in  many  other  cases  in 
which  the  modern  representatives  of  a  group  are  confined  to  the 
Southern  Hemisphere,  where  they  may  occur  in  widely  separated 
areas,  in  the  Tertiary  period  species  existed  in  the  Northern  Hemi* 
sphere.  In  the  present  instanoe  two  species  of  Fodocnemis  have 
been  recorded  from  the  Lower  Eocene  of  England  and  India — that 
ftom  the  former  being  Fodoenema  Bowerhanhi  (z^Flatemys  Bomerhanki ; 
JSmif9  lamif  Owen),  from  the  London  Clay  of  Sheppey ;  that  from 
the  latter,  Fodotmemis  indica,  from  Nila  in  the  Salt  Bange.  The 
present  species  is  interesting  as  showing  that  in  early  Miocene 
times  the  genus  existed  in  Africa,  whence  probably  it  spread  into 
Madagascar,  now  one  of  its  headquarters. 

Ikieription  of  the  SpecimenB. 
The  carapace  of  the  type-specimen,  as  figured  (PI.  I,  Fig.  1), 
is  very  incomplete  in  its  peripheral  region,  for,  although  some 
portions  of  the  marginal  bones  are  preserved,  it  has  not  been 
possible  to  fit  them  into  their  places.  Of  the  remainder  of  the 
oarapaoe  the  neurals  8  and  5  are  wanting,  2  and  6  incomplete, 
all  the  costals  are  imperfect  at  their  outer  endS)  and  much  of  the 
posterior  ones  is  broKen  away.  The  general  form  is  somewhat 
depressed,  and  there  is  ho  trace  of  any  keel.  Th^  neurals  (n) 
were  six  in  number,  the   first  |being  the  largest  and    the   last 
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relatively  very  small.  There  are  eight  pairs  of  oostals  (c,  1-8), 
of  which  the  last  two  meet  in  median  suture;  possibly  idso  the 
sixth  pair  were  only  partly  separated  by  the  last  neural.  The 
positions  of  the  facets  for  union  with  the  inguinal  and  axillary 
buttresses  of  the  plastron  are  marked  +  in  Fig.  1  of  the  Plate. 
The  furrows  marking  the  boundaries  of  the  homy  plates  are  very 
distinct ;  the  vertebraJ  shields  are  somewhat  balloon-shaped,  and  in 
their  anterior  half  are  nearly  twice  as  wide  as  they  are  posteriorly. 
The  outlines  of  three  complete  vertebrals  are  preserved  and  portions 
of  two  others. 

The  general  form  of  the  plastron  is  shown  in  Fig.  2,  PL  I.  The 
entoplastral  {ent.)  is  lozenge-shaped,  with  slightly  convex  posterior 
borders.  There  is  a  pair  of  smsJl  mesoplastrals  wedged  in  between 
the  outer  ends  of  the  hyo-  and  hypoplastra.  The  xiphiplastra  (xp.) 
bear  on  their  upper  surfaces  rugose  prominences  (Fig.  3),  indicating 
the  firm  sutnral  union  of  the  ischia  (t«.)  and  pubes  (pu.)  with  the 
plastron.     The  posterior  border  of  the  plastron  is  notched. 

There  is  a  very  small  intergular  (t.^.),  the  posterior  end  of  which 
does  not  extend  so  far  back  as  the  anterior  angle  of  the  entoplastron, 
and  only  separating  the  gulars  {g.)  for  about  a  third  of  their  length. 
The  sutures  between  the  humerals  and  pectorals  cross  the  ento- 
plastron  in  front  of  its  middle  point  In  the  proportions  and 
arrangement  of  these  anterior  plastral  shields  this  species  approaches 
P.  madagasearieniXB  very  closely.  The  abdominal,  femoral,  and  anal 
shields  do  not  present  any  peculiarity. 

The  total  length  of  the  plastron  is  33*5  cm. ;  the  length  of  the  bridge, 
13-3  cm. ;  width  of  plastron  immediately  in  front  of  bridge,  15'6  cm. 

The  existence  of  a  firm  sutural  union  between  the  pelvis  and 
plastron  shows  that  this  Chelonian  belonged  to  the  Pleuradiran 
group,  and  the  presence  of  mesoplastra  further  indicates  that  it 
is  referable  to  the  family  Pelomedusidad.  In  this  family  the 
mesoplastra  are  small  and  laterally  situated  in  two  genera, 
Pelomedusa  and  Fodocnemis,  to  the  latter  of  which  the  fossil 
approaches  most  nearly,  and,  as  already  mentioned,  is  in  some 
respects  extremely  similar  to  Podocnems  madagaseariefms. 

The  remains  of  P.  esgypHaca  seem  to  be  very  common  at 
Moghara,  and  some  of  the  specimens  indicate  that  it  attained 
a  considerably  greater  size  than  the  specimen  now  figured. 

EXPLANATION  OF  PLATE  I. 

Carapacb  and  Plast&on  of  Podocnbhis  ^otptiaca  (typb-spbcdcbn}. 

Fio.  1. — Carapace  (dorsal  view).       Fio.  2. — Plastron  (ventral  view). 

Fio.  3. — ^Xipbiplaskal  region  of  plastron  (upper  surface). 

(About  one-third  natural  size.) 


4thd,  Abdominal  shields. 
an.    Anal  shields. 
ci.^.  Costal  plates. 
4ni,  Entoidastral  plate. 
ep.    Epiplastral  plate. 
ftm.  Femoral  shield, 
y.      Gular  shiekl. 
A.     Humeral  shield. 
hp.   H7P<^lastral  plate. 


hy.  Hyoplastral  {»late. 

i.y.  Intergular  shield. 

i$.  Surface  for  union  with  ischium. 

ffip.  Mesoplastral  plate. 

ft.  Neural  plate. 

pec»  Pectoral  shield. 

pH,  Surface  for  union  with  pubis. 

xp.  Xiphiplastrtl  plttfce. 
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IL  —  Ok  A  Patsllina  -  limbstons  akd  anothsb  Fosahinifbbal 

LiHKSTONB   FROM   EGYPT. 

By  P.  Chapman,  A.L.S.,  P.R.M.S. 

(PLATE  II.) 

rB  specimens  dealt  witl^  In  this  paper  were  collected  by  the 
Officers  of  the  Geological  Survey  of  Egypt,  and  I  have  been 
requested  by  Dr.  H.  Woodward,  on  behalf  of  Captain  H.  G.  Lyons, 
RE.,  F.O.S.,  the  Director-Gkneral,  to  give  an  account  of  the  various 
tpQcies  of  Foraminifera  met  with  during  the  progress  of  the  Survey. 

The  PATfiLLmA'JJmas'roTXK. 

These  specimens  bear  the  Survey  label  No.  lie  (827).  The  rock 
occurs  on  a  plateau  between  Cairo  and  Suez,  the  geological  position 
of  which  Mr.  Barron  is  inclined  to  consider  as  the  base  of  the 
Miocene  grits  and  marly  clays,  (letter  dated  29th  July,  1899). 
The  exact  locality  whence  these  samples  came  is  situated  six  kilo- 
metres west  of  Camp  35,  in  lat  N.  30^  17'  55'\  long.  E.  32°  18'  14".' 

The  rock  is  of  the  greatest  interest  on  account  of  the  presence  of 
a  new  species  of  Patellina,  which  constitutes  a  large  proportion  of 
the  limestone.  The  relative  abundance  of  the  Patellina  in  the  rock 
can  be  well  seen  in  the  photograph  (PI.  II,  Fig.  1)  of  a  thin  section 
taken  haphazard  from  the  rook-specimen.  This  genus  appears  to  be 
hitherto  quite  unknown  in  the  limestones  of  Egypt 

Besides  PaUUiua  there  are. other  foraminifera  associated  with  it  in 
this  rock,  belonging  to  the  genera  Biloeulina,  MilioUna,  Orbiculina, 
Ahedina,  Bigenerina,  Discor^tno,  TruncatuUnaf  Oypsina,  Polytrema, 
and  Nomanina. 

The  limestone  is  ochreous-yellow  to  pale  brown  in  colour.  The 
matrix  of  the  rock  is  somewhat  spongy,  cavities  caused  by  chemical 
solution  and  recrystallization  being  seen  here  and  there,  whilst  in 
eection  the  foraminifera  other  than  the  Patellina  frequently  have 
a  space  between  the  wall  of  the  test  and  the  matrix  by  which  it  is 
partially  filled.  When  the  rock  is  crushed  for  the  extraction  of  the 
smaller  organisms  the  casts  fall  out,  leaving  the  walls^of  the  tdsts 
adhering  to  the  matrix. 

The  microscopic  structure  of  the  enclosing  rock^mass  is  distincdy 
crystalline,  which  condition  is  probably  due  to  Subsequent  molecular 
distorbanoe  of  the  calcareous  mud  in  which  the  foraminifera  were 
embedded,  and  which  has  resulted  in  the  formation  of  a  granular 
calcitio  material,  in  which  sotJenohedra  are  an  abundant  crystalline 
form,  especially  on  the  borders  of  the  cavities.  . 

Besides  foraminifsra  there  are  some  obscure  examples  of  polyzoa. 
An  ostraood  (Batrdia,  described  below)  also  occurs  in  some  numbers, 
represented  both  in  section  and  by  a  specimen  isolated  fi'om  the  rock. 

Scattered  through  the  rock  are  some  r6unded  gprains  of  quartz 
averagiDg  1  mm.  in  dfaiQeter,  and  often  containing  strings  of 
ffiioute  inclusions  or  gas  cavities. 
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4  F.  Chapman — Egyptian  Foraminifera. 

OSTBACODA. 

Family  BAIRDIID^. 

BAIEDIA,  McCJoy  [1844]. 

Baibdia  subdeltoidsa  (Miinster). 

Cyihere  auhdeHiotdea,  Miinster,   1830,  Jahrb.  MId.,  p.  64;    1835^ 

p.  446. 
Bairdia  avibdeltoidea  (Miinster),  Jones  &  Sberbom,  1887,  p.  387  ; 

idem,  1889,  Mon.  Tert.  Entom.,  p.  16,  pi.  i,  figs.  15a,  //. 

Egger,  1895:  Naturbist.  Yereins  Passau,  Jabresb.  IG, 

p.  42,  pi.  ii,  figs.  20a,  6. 
Tbe  speoimens  found  in  tbe  Egyptian  limestone  are  of  medium 
size,  witb  tbe  Talves  united.  In  tbe  sections  of  tbe  rock  tbey  occur 
witb  some  frequency.  Tbe  species  bas  a  ratber  wide  range  in  time,, 
since  it  is  cbaracteristio  and  common  in  all  tbe  Cretaceous  deposits 
beginning  at  tbe  Aptian,  or  Lower  Greensand  of  England ;  and  it 
also  occurs  in  beds  of  Middle  Eocene  age  at  Bracklesbam  and  in  tb& 
older  Pliocene  of  Nortbern  Italy. 

?  Lower  Miocene:    from  a  plateau  between  Cairo  and  Suez. 
Frequent. 

FOBAMINU-JBEA. 

Family    MILIOLID^. 

Subfamily  MiLiOLiNiE. 
BILOCULINA,  d'Orbigny  [1826]. 
BiLOOULiNA  BVLLOiDBS,  d'Orbiguy. 

"  Concbula  minima,  etc.,"  Plancus,  1739  :  De  Concb.  min.  nat,  p.  23^ 

pi.  ii,  ^g.  6. 
Biloctdina  hulloides,  d'Orb.,  1826 :  Ann.  Sci.  Nat.,  vol.  vii,  p.  297,. 

No.  1,  pi.  xvi,  figs.  1-4;  Module,  No.  90. 
fi.   Peruviana,  id.,   1839:   Forara.   Amer.  Merid.,  p.   68,  pL  ix,. 

figs.  1-3. 
B,  ringens  (Lam.),  Parker,  Jones,  &  Brady,  1865 :  Ann.  Mag.  Nat. 

Hist,  ser.  iii,  voL  xvi,  p.  35. 
B.  lueemvla  (pars),  Scbwager,  1866 :  Novara-Exped.,  Geol.  Tbeil,. 

ToL  ii,  p.  202,  pi.  iv,  figs.  17a,  h. 
B.  huUaides,   d'Orb.,  Terquem,    1882 :    Mem.   Soc.  geol.  France,. 

s^r.  Ill,  vol.  ii,  p.  153,  pi.  xxiii,  fig.  38. 
Mliolina  ringens  (Lam.),  Goes,  1882 :  K.  Svenska  Akad.  Handl.^ 

vol.  xix,  p.  131,  pi.  X,  figs.  363-365,  386  ? 
Biloculina  huUoidea,  d'Orb.,  Brady  (=fi.  lucemula,  Scbwager,  Scblnm- 

berger),  1884:  Eep.  "  Cballenger,"  vol.  ix,  p.  142.  pi.  ii, 

figs.  5,  6.   Scblumberger,  1887 :  Bull.  Soc.  g6ol.  France, 

sir.  Ill,  vol.  XV,  pp.  574-579,  pi.  xv,  figs.  10-13  and 

woodcuts  1-5.     Egger,  1895  :  Abbandl.  k.  bayer.  Akad. 

Wiss.,  vol.  xviii,  Abtb.  2,  p.  217,  pi.  i,  figs.  16-18. 

finpert  Jones,  1895 :  Mon.  Foram.  Crag,  pt  ii,  pp.  101 

and  102. 


Digiti 


zed  by  Google 


F.  Chapman — Egyptian  Foraminifera.  6 

B.  hulloides  is  quite  a  ooramon  epecies  in  the  Pa/eZ/tna-limestone. 
On  crushing  the  rook  the  little  subspherioal  tests  are  seen  amongst 
the  d6bn8,  and  projecting  from  the  surfaces  of  the  larger  fragments. 
They  often  have  the  shell- wall  perfect,  and  ure  occasionally  noticed 
as  casts.  The  6ontour  of  the  test  in  these  Egyptian  specimens  is 
very  typical,  having  a  globose  penultimate  chamber  and  a  slightly 
elongated  aboral  neck.  Passage  forms  occur  which  link  this  species 
with  its  more  pyriform  variety  next  described. 

Although  B,  bulloides  ranges  throughout  the  Tertiary  fossiliferous 
strata  to  recent  times,  yet  the  fossil  forms  seem  to  be  distinct  in 
some  of  their  characters,  as  shown  by  Schlumberger. 

?  Lower  Miocene  :  from  a  plateau  between  Cairo  and  Suez« 
Common. 

BiLOOULINA   BULLOIDES,  Var.  INORNATA,  d'Orb. 

BUoeulina  inomata,  d*Orb.,   1846 :    Foram.  Foss.  Yienne,  p.  266, 

pi.  xvi,  figs.  7-9. 
B.  bulloides,  d*Orb.,  var.  truneala-graeilis,  Beuss,  1867:  Sitzungsb. 

Akad.  Wiss.  Wien,  vol.  Iv,  p.  69,  pi.  ii,  fig.  2. 
jB.  buUoidea,  var.  inomata,  d*Orb.,  Rupert  Jones,  1895  :  Mon.  Foram. 

Crag  (Pal.  Soc),  pt  ii,  pp.  101-2,  pi.  vii,  figs.  la-c. 

The  slightly  elongate  variety  of  B,  bulloides  may  be  referred  to 
B.  inomata  of  the  Vienna  Tertiaries.  It  is  not  so  common  as  the 
typical  B.  bulloides  in  this  Egyptian  limestone,  but  is  represented/ 
nevertheless,  by  several  good  examples. 

Besides  its  original  occurrence  in  the  Miocene  of  the  Vienna 
Basin,  this  variety  has  been  found  in  many  fossiliferous  deposits  of 
Pliocene  age. 

?  Lower  Miocene :  between  Cairo  and  Suez.     Frequent. 

MILIOLINA,  Williamson  [1858]. 

MiLIOLINA  OBLONGA    (Moutagu). 

Vermietdum  oblongum,  Montagu,  1803  :  Test  Brit.,  p.  522,  pi.  xiv, 

fig.  9. 
MilioUna  semintdum  (L.),  var.oblonga  (Montagu),  Williamson,  1858  : 

Recent  Foram.  Gt.  Brit.,  p.  86,  pi.  vii,  figs.  186, 187. 
M.  oblonga  (Mont.),  Brady,  1884 :  Bep.  Chall.,  vol.  ix,  p.  160,  pi.  ▼, 
figs.  4a,  b.     De  Amicis,  1893  :   Boll.  Soc.  Geol.  Ital., 
vol.  xii,  fasa  3,  pp.  27,  178,  179,  317.     Goes,  1894: 
K.  Svensk.  Akad.  Handl.,  vol.  xxv.  No.  9,  p.  110,  pi.  xx, 
figs.  850.  850/.     Rupert  Jones,  1895:   Mon.  Foram. 
Crag,  pt.  ii,  p.  120,  pi.  iii,  figs.  31,  32;   pi.  v.  fig.  5. 
Millett,  1898  :  Joum.  Roy.  Micr.  Soc.,  p.  267,  pi.  ▼, 
figs.  14a,  b. 
Examples  of  this  somewhat  variable  species  were  found  with  both 
the   triloouline  and   the  quinqueloouline  forms.      The   triloculine 
variation  is  more  typical.     The  quinqueloouline  form  seems  to  be 
somewhat  closely  allied  with  MilioUna  alveoliniformis,  Brady,  and 
Also  with  Schlumberger*s  subgeneric  type  of  Pentellina. 
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MtlioUna  ohUmga  dates  back  as  far  as  the  Eocene  period,  and  it  is 
found  living  at  the  present  day,  usually  in  shallow  water. 
?  Lower  Miocene :  from  a  plateau  between  Cairo  and  Suez.    Bare. 

MlUOLINA  8UBR0TUNDA    (Moutagu). 

Vermieulum  svbrotundum,  Montagu,  1803 :  Test.  Brit,  pt.  ii,  p.  521. 
Qtitii^iie^cttZtna  svbrotvnda  (Mont),  d'Orb.,  1826:  Ann.  ScL  Nat, 

vol.  vii,  p.  302,  No.  36. 
Miliola  {Quinqueloeulina)  svbrotunda  (Mont),  Parker  &  Jones,  1865 : 

Phil.  Trans.,  vol.  civ,  p.  411,  pi.  xv,  fig.  38. 
MilioUna  aubrotunda   (Mont),  Bnu3y,  1884:   Bep.  Chall.,  voL  ix, 

p.  168,  pi.  V,  figs.  10,  11. 
iir.  9ubrotunda  (Walker  &  Boys),  Ooes,  1894 :  Eongl.  Svenska  Vet.- 

Akad.  Haudl.,  vol.  xxv,  p.  109,  pi.  xix,  figs.  846,  847. 
M.  Bubrotunda  (Mont),  Bupert  Jones,  1895:   Mon.  Foram.  Crag, 

pt  ii,  p.  120,  woodcut,  ^g.  9.     Millett,  1898 :  Journ. 

Boy.  Mior.  Soc.,  p.  502. 
The  specimens  from  the  Egyptian  limestones  are  very  typical. 
As  a  fossil  this  species  dates  from  Miocene  times.      It  is  an 
essentially  shallow- water  form  at  the  present  day,  and  this  is  the 
case  with  the  other  Miliolines  recorded  from  the  Egyptian  Miocene 
limestone. 

?  Lower  Miocene  :    from  a  plateau  between   Cairo  and  Suez. 
Frequent 

MiLioLiNA  TBiooNULA  (Lamarck). 

MilioUteB   trigonula,  Lamarck,   1804:    Ann.  du   Museum,    voL  v, 
p.   351,   No.   3.      1822  :    Anim.  sans  Vert,  vol.   vii, 
p.  612,  No.  3. 
TrtlocuUna  Amtriaca,  d'Orb..  1846 :   Foram.  Foss.  Vienne,  p.  275, 

pi.  xvi,  figs.  25-27. 

HUioltna  trigonula  (Lamarck),  Williamson,  1858:  Becent  Foram. 

Gt  Brit,  p.  83,  pi.  vii,  figs.  180-182.    Schwager,  1883  : 

PalsBontographica,  vol.  xxx.  Pal.  Theil,  p.  86,  pi.  xxiv  (i), 

figs.  6a-(i.     Brady,  1884 :  Bep.  Chall.,  vol.  ix,  p.  164, 

pi.  iii,  figs.  14-16.    Sherborn  &  Chapman,  1889 :  Jonm. 

Boy.  Micr.  Soc.,  p.  484,  pi.  xi,  fig.  1.     Terrigi,  1891 : 

Mem.  Boy.  Com.  Geol.  Ital.,  vol.  iv,  pt  i,  p.  66,  pi.  i, 

fig.  4.     Goes,  1894:  Eongl.  Svenska  Vet-Akad.  Handl., 

vol.  xxv,  p.  115,  pi.  xxii,  fig.  870.  Millett,  1898:  Joum. 

Boy.  Micr.  Soc.,  p.  503. 

There  is  some  variability  in  the  dimensions  of  the  Egyptian 

specimens,  but  they  are  otherwise  characteristic.     Schwager  has 

recorded  this  species  from  the  cherty  ^ZveoZina-Iimestone,  between 

Siut  and  Farafrah  ;  in  the  itft'/io/tna-limestone  of  the  Arabian  Desert 

at  Wady  Natfe ;  also  similar  forms  near  Minieh  and  Mokattam. 

ilf.  trigonula  dates  from  the  Eocene  period,  and  is  also  found  fossil 
in  Miocene  strata  and  onwards  to  the  present  day. 

?  Lower  Miocene :    from  a  plateau  between  Cairo  and  Suez. 
Frequent 
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MiLioLiNA  IKFLATA  (d'Orbigny). 

Tnloculina  inflata,  d'Orb.,  1826 :  Ana.  Soi.  Nat,  voL  vii,  p.  300, 
No.  10.  BoQier,  1838 :  Nenes  Jahrbuoh,  p.  393,  pi.  iii, 
fig.  72.  Miohelotti,  1841  :  Mem.  Soo.  Ital.  Soi., 
vol.  xxii,  p.  299,  pi.  iii,  fig.  11.  D'Orb.,  1846  :  Foram. 
Foss.  Vienna,  p.  278,  pi.  xvii,  figs.  13-15. 

QuinqudoeuUna  inflata  (d'Orb.),  Parker,  Jones,  &  Brady,  1871: 
Ann.  Mag.  Nat.  Hist,  ser.  iv,  vol.  viii,  p.  249,  pi.  viii, 
fig.  16. 

TrOoeuUna  inflata,  d'Orb.,  Terquem,  1878 :  Mem.  Soo.  g6ol.  Franoe, 
sir.  Ill,  vol.  i,  p.  66,  pi.  v  (x),  figs.  16a-186.  Idem, 
1882  :  ibid.,  vol.  ii,  p.  166,  pi.  xvii  [xxv],  figs.  4-6. 

MiUoUna  lucent,  Sohwager,  1883:  Palaoontograpbioa,  vol.  xxx, 
Pal.  Theil,  p.  87,  pi.  xxiv,  figs.  7a-d 

The  inflated  varieties  of  the  type  M.  $eminulum  may  be  referred 
to  the  above  speoifio  name.  Jtf.  inflata  is  a  common  Tertiary  form, 
and  is  most  typical  in  the  Eocene  and  Miocene  formations. 
Schwager  records  bis  i£  Itieens  from  the  cherty  ^/v6oltna-limestone 
and  marl  between  Siut  and  Far&frah ;  on  the  Nekeb-el-Farudj  ; 
in  the  upper  beds  of  El  Ouss-Abu-Said,  and  in  the  Alveolina- 
limestone  of  Wady  Natfe  in  the  Arabian  Desert. 

?  Lower  Miocene:  from  a  plateau  between  Cairo  and  Suez. 
Frequent. 

MiLioLiNA  ssMiNULUM  (Linn6). 

Serputa  temimdum,  Linne,  1767:  Syst  Nat,  12th  ed.,  p.  1,264, 
No.  791 ;  1788,  13*th  (Qmelin's)  ed.,  p.  3,739,  No.  2. 

Vermietdum  intortum,  Montagu,  1803  :  Tert  Brit,  p.  602. 

Quinqueloeulina  seminuium  (L.),  d'Orb.,  1826  :  Ann.  Sci.  Nat, 
vol.  vii,  p.  303,  No.  44. 

MiUMna  aeminvlum,  Williamson,  1868 :  Becent  Foram.  Ot  Brit, 
p.  85,  pi.  vii,  figs.  183-186. 

QmnqueloctUina  Bemintdum,  Jones,  Parker,  &  Brady,  1866 :  Foram. 
Crag,  p.  9,  pi.  iii,  figs.  36,  36. 

MUolina  temintUum,  Qreene,  1871 :  Manual  Protozoa,  p.  15,  fig.  3^. 

QuinquelociUina  aemHunum  [^Beminulum]  (L.),  Terquem,  1875  :  Anim. 
plage  Dunkerque,  fasc.  1,  p.  40,  pi.  vi,  fig.  8. 

MiUolina  $eminulum  (L.),  Brady,  1884 :  Bep. Chall.,  vol.  ix,  pp.  167-160 
(woodcuts,  figs.  3a-c)  ;  pi.  v,  fig.  6.  Sberbom  <fe 
Chapman,  1886  :  Journ.  Boy.  Micr.  Soc,  ser.  ii, 
voL  vi,  p.  742,  pi.  xiv,  fig.  1.  Bnpert  Jones,  1896  : 
Men.  Foram.  Crag,  pt  ii,  p.  116.  Miiiett,  1898 :  Jouro. 
Boy.  Micr.  Soc.,  p.  606. 

IC  seminuium  is  a  common  species  in  the  Pa  ^el/tna-limestone  from 
Egypt,  and  the  specimens  are  well  developed. 

As  a  fossil  this  foraminifer  dates  from  the  Lower  Eocene  period, 
and  it  is  also  a  well-known  shallow- water  species  at  the  present  day. 

?  Lower  Miocene:  from  a  plateau  between  Cairo  and  Suez. 
Common. 
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MiLIOLINA  POLYGONA    (d'OrbigDj). 

QuinquelocuKna  pdygona,  d'Orb.,  1839 :   De  la  Sagra,  Hist  Phisiq., 

etc.,  Cuba,  "  Foraminif^res,"  p.  198,  pL  xii,  figs.  21-23. 
Miliolina  eenUnvlum  (L.),  Goes,  1882,  ''Ret.  Rhiz.  Garibb.  Sea": 
Sveoska  Vet-Akad.    Handl.,    vol.   xix.   No.   ix,    figs. 
363,354. 
MiUolina  Ouaemis,  Schwager,  1883 :   Palsdontographica,  toL  xxx. 

Pal.  Theil.,  p.  85,  pi.  xxiv  (i),  figs.  5a-d, 
M.  polygona   (d*Orb.),  (Joes,  1894  :    Svenska  Vet-Akad.   HandL, 
Tol.  XXV,  No.  9,  p.  Ill,  pi.  xxx.  figs.  854-864^;  idem, 
1896,  Bull.  Mus.  Comp.  ZooL  Harvard,  vol.  xxix,  No.  1, 
pt.  XX,  p.  83,  pi.  viii,  figs.  11-18. 
This  species  ia  the  Egyptian  limestone  varies  mnch  as  to  size,  bnt 
the  specimens  are  constant  in  the  characters  of  the  test 

The  specimens  named  M.  OuBsensU  by  Schwager  were  found  in 
the  argillaceous  beds  with  OpercuUna  Ubyea  of  £1  Guss-Abu-Said 
(Libyan  Stage). 

In  recent  soundings  this  form  affects  warm  areas,  usually  in  the 
neighbourhood  of  coral  reefs.  Goes  found  this  species  in  the  West 
Indies  at  a  depth  from  300  to  400  fathoms. 

?  Lower  Miocene  :  from  a  plateau  between  Cairo  and  Suez. 
Frequent 

Subfamily  Peneroplidinje. 

ORBICULINA,  Lamarck  [1816]. 
Orbiculina  adunoa  (Fichtel  &  Moll). 

Nautilus  orhiculm,  Fichtel  &  Moll,  1803 :  Test  Micr.,  p.  112,  pi.  xxi. 
N,  angulatus,  idem  :  ibid.,  p.  113,  pi.  xxii. 
N.  aduncue,  idem  :  ibid.,  p.  115,  pi.  xxiii. 

Orbiculina  adunca  (Fichtel  &  Moll),  Lamarck,  1816  :  TabL  Encyd. 
et  M^th.,  pi.  ccoclxviii,  figs.  2a-c.  D'Orbigny,  1839  : 
Foram.  Cuba  (in  Sagra's  "Hist  phisiq.  Cuba"),  p.  81, 
pi.  viii,  figs.  8-14.  Brady,  1884 :  Rep.  Chall.,  vol.  ix, 
p.  209,  pi.  xiv,  figs.  1-13.  Agassiz,  1888 :  Three  Cruises 
"  Blake,"  ii,  p.  160,  figs.  486,  487. 
Both  casts  and  perfect  specimens  of  Orbiculina  occur  in  the 
PateZ^'na-limestone. 

0.  adunea  is  known  from  Eocene  and  Miocene  rocks,  and  at  the 
present  time  it  is  confined  to  fairly  shallow  water  of  warm  areas. 

?  Lower  Miocene  :  from  a  plateau  between  Cairo  and  Suez. 
Common. 

Subfamily  ALVEOLiMiNiE. 

ALVEOLINA,  d'Orbigny  [1826]. 

Alveolina  bllipsoidalis,  Schwager. 

Aheolina  ellipsoidalis,  Schwager,  1883  :  Palsaontographica,  vol.  xxx, 
Pal.  Theil,  p.  96,  pi.  xxv  (ii),  figs,  la-t  and  2a-c. 
Examples  of  the  above  species  are  quite  common  in  the  PaUllina^ 
limestone,  and  one  perfect  enough  for  identification  was  isolated 
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by  crushing  the  rook.  It  is  probable,  but  not  quite  certain  in  the 
absence  of  sections,  that  the  Alveolina  Eauerii  of  d'Orbigny^  from 
the  Miocene  of  Nussdorf  is  of  the  same  type.  Schwager*s  specimens 
came  from  the  Alveolina-Mmestone  of  the  Wady  Natfe  in  the 
Arabian  Desert  (Libyan  Stage). 

?  Lower  Miocene  :  from  a  plateau  between  Cairo  and  Sues* 
Common. 

Altkolina  lepidula,  Schwager.     (PL  II,  Fig.  1.) 
AheoUna  lepidula,  Schwager,  1883  :    PalsBontographioa,  vol.  xxx, 
Pal.  Theil,  p.  98,  pi.  xxv  (ii),  figs.  Ba-^. 

This  species,  viewed  towards  the  septal  face,  gives  an  ovate,  pointed 
outline.  It  was  suggested  by  Schwager  that  it  may  represent  an 
tinmature  stage  of  the  foregoing  species.  It  was  found  by  that 
author  associated  with  A,  eUipsoidalis  from  the  Wady  Natfe,  Arabian 
Desert. 

?  Lower  Miocene :  from  a  plateau  between  Cairo  and  Suez.  Yery 
common. 

Family  TEXTULARIID^. 

Subfamily  Textulariinje. 

BIttENERINA,  d'Orbigny  [1826]. 

BiGENKRiNA    CAPRB0LU8    (d'Orbigny). 

Vulvulina  capreolus,  d'Orb.,  1826 :    Ann.  Sci.  Nat.,  vol.  vii,  p.  264, 

No.  1,  pi.  xi,  figs.  5,  6 ;  Module,  No.  69. 
Schizopkora    Neugehorem    (?),    Reuss,     1861  :     Sitzungsb.    bohm. 

Gesellsch.  Wiss.,  vol.  ii,  p.  13. 
{]ramino8tomum  capreolus  (d'Orb.),  Parker  &  Jones,  1863 :    Ann. 

Mag.  Nat.  Hist.,  ser.  iii,  vol.  xi,  p.  93. 
TexiUaria  flahelUformis   (young  stage),   Giimbel,  1868:   Abhandl; 
bayer.  Akad.  Wiss.,  CI.  ii,  vol.  x,  p.  647,  pi.  ii,  figs.  83<i,  h, 
Venilina   HcBringensiB,  Giimbel,  1868 :   ibid.,  p.  649,  pi.  ii,  ^g.  84 

(6t«),  a,  6. 
Schizophora  Haringensis,  Hantken,  1872 :    Mittheil.  Jahrb.  ungar. 

geoL  Anstalt,  vol.  i,  p.  136,  pi.  ii,  figs.  17a,  h. 
Bigenerina  capreolus  (d'Orb.),  Brady,  1884:    Report  ChalL,  vol.  ix, 
p.  372,  pi.  xlv,  %8.  1-4. 
A  good  vertical  section  of  the  above  species  occurs  in  one  of  the 
slides.      It  is  recognized  by  the  pointed  aboral  end  and  the  fine 
arenaceous  structure  of  its  test 

As  a  fossil  B,  capreolus  makes  its  first  appearance  in  the  Eocene 
of  the  Bavarian  Alps;  it  was  also  found  in  the  Clavulina'Szahoi 
beds  of  Hungary  ;  and  it  is  known  from  the  newer  Tertiaries  of 
Italy  (Mio-Pliocene).  The  depths  at  which  this  species  occurs  in 
recent  deposits  ranges  from  fairly  shallow  water  to  about  700 
fiithoms.  At  the  present  day  it  is  generally  found  in  the  North 
Atlantic  Ocean. 

?  Lower  Miocene  :  from  a  plateau  between  Cairo  and  Suez.  One 
specimen. 

»  Foram.  Foes.  Vienne,  1846,  p.  148,  pi.  vii,  figs.  17y  18. 
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Family  ROTALIID^. 

Subfamily  Rotaliinje. 

PATELLINA,  WilliamBon  [1858]. 

Genebio  Stnontict.^ 

Orhitolites,  pars,  Lamarck  [1801],  Defrance. 

MadreporiteSf  Blumenbach  [1805J. 

Orhvlites,  Lamarok  [1816]. 

Cyelolina,  pars,  d'Ori&igny  [1846],  Carter. 

OrbitoUna,  d'Orbigny  [1847],  Bronn,  d'Arohiao,  Gras,  Parker  & 
Jones,  Carter,  Martin. 

OrbituliUa,  Bronn  [1848]. 

Paiellina,  Williamson  [1858],  Carpenter,  Parker  &  Jones,  Brady, 
Aloock,  Parfitt,  G.  M.  Dawson,  Miller  &  Van  den 
Broeck,  Robertson,  Sobalze,  Terquem,  Siddall,  Bertbelin, 
Shone,  Wright,  Fritsoh,  Hantken,  Zittel,  Howchin, 
Chapman. 

Contdites,  Carter  [1861]. 

The  above  synonymy  is  given  in  order  that  the  claim  of  PaieUina 
as  the  name  of  the  genus  may  be  readily  seen.  The  subject  of  tho 
nomenclature  has  already  been  discussed  by  Carpenter,  Parker,  & 
Jones,'  and,  later,  by  Professor  Bupert  Jones.' 

It  will  perhaps  be  useful  to  point  out  briefly  the  shortoominga 
of  the  various  names  earlier  than  PaieUina. 

OrbitoUtee  is  now  retained  for  one  of  the  two  types  originally 
confused  under  the  same  name. 

Madreporites  does  not  stand  according  to  the  Strickland  Bule 
No.  11,  since  it  implies  a  false  relationship;  moreover,  the  name 
was  previously  used  by  Deluc  (1802)  in  connection  with  Orbitolites. 

Orbulit€9,  an  improved  form  of  Orbitolitea,  was  used  by  Lamarok 
when  describing  specimens  belonging  to  that  and  the  present  genus. 

Cyclolina  used  to  denote  a  depressed,  complanate  form,  probably 
of  the  present  genus,  but  by  no  means  typical. 

Orbitolina  appears  to  have  been  originally  used  in  the  sense  of 
a  recent  form  of  Orhitolites,  which  was  at  the  time  thought  to  be 
a  fossil  genus,  the  terminations  ina  and  ites  being  used  by  Lamarok 
and  others  for  recent  and  fossil  specimens  respectively.  Thia 
generic  term  has  been  largely  used  on  the  Continent  to  designate 
the  Patdlina  with  large  tests  and  thick  shell-walls,  and  which  are 
so  common  in  various  Cretaceous  beds  in  France,  Spain,  and 
Switzerland.  Should  these  particular  forms  be  proved  to  possess 
hyaline  or  tubulated  shell -structure,  there  is  no  ground  for  retaining 
the  name  even  as  an  isomorphic  arenaceous  group  with  PaieUina. 

Orbitulites  is  evidently  a  misspelling. 

^  For  references  see  Sherbom*8  Index  to  Genera  and  Species  of  the  Foraminifera,. 
1896. 

«  Introd.  Forara.,  1862,  p.  229.  Also  Ann.  Mag.  Nat.  Hist.,  ser.  m,  vol.  xii 
(1863),  p.  212. 

»  Cat.  Fos8.  Foram.  Brit.  Mus.,  1882,  p.  84. 
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P(UeJlina  was  well  described  by  Williamson,  who  took  the  typical 
little  P.  eorrugata  for  the  purpose.  This  form  is  quite  hyaline 
throughout  In  most  oases  the  large  fossil  forms  above  referred  to 
show  very  little  evidence  of  hyaline  structure,  but  it  is  extremely 
probable  that  this  absence  of  tubulation  is  due  to  recrystallization 
of  the  caloitic  substance  of  the  shell -wall.  In  the  Egyptian  Patellina, 
however,  by  careful  examination  under  high  powers,  a  distinct  but 
extremely  fine  tubulation  can  be  made  out  in  portions  of  the 
shell-wall  better  preserved*  the  tubules  sometimes  radiating  in 
a  characteristic  manner. 

ComUites  was  founded  on  specimens  of  Patellina  from  India,  but 
described  at  later  date  than  Williamson's  type-form.  This  form 
i^proximates  very  closely  to  the  Egyptian  species  in  general 
structure. 

The  whole  group  of  the  Patellina  require  a  systematic  and 
exhaustive  study,  and  this  I  believe  is  being  undertaken  by 
Mr.  A.  Yaughan  Jennings,  who  possesses  a  valuable  collection  of 
material  for  the  purpose.  I  will  here  express  my  sincere  thanks 
to  Mr.  Jennings  for  much  assistance  in  making  comparison  with 
specimens  of  Patellina  from  his  collection. 

Patellina  Eoyptibnsis,  sp.  nov.     (PL  11,  Figs.  1-3.) 

Test  conoidal,  in  vertical  section  nearly  equilateral,  the  two  sides 
slightly  convex,  straight,  or  incurved  in  the  middle  of  the  test; 
base  circular  in  outline,  and  with  a  slightly  convex  surface; 
peripheral  edge  rounded.  The  chambers  are  arranged  on  two 
plans,  consisting  (1)  of  an  internal  cone  of  chamber  lets  arranged 
at  the  apex  in  a  spiral,  and  afterwards  annular,  or  discoidal,  each 
disc  being  subdivided  into  chamberlets  by  labyrinthic  or  irregular 
septa,  the  chamberlets  alternate  with  those  above  and  below ; 
(2)  of  a  cortical  or  external  layer  of  rectangular  chambers,  partially 
subdivided  by  imperfect  septa  attached  to  the  outer  wall  of  the 
chamber  and  projecting  inwards.  The  spire  at  the  apex  or  aboral 
end  of  the  test  is  large  and  simple,  consisting  of  about  one  and 
a  half  turns,  and  in  some  cases  tlie  primordial  sphere  is  well  shown. 
The  primordial  chamber  is  most  frequently  megalospheric,  measuring 
about  Vo  inch  (*416  mm.)  in  diameter ;  one  sphere  of  the  microspherio 
type  measures  vV  inch  (-26  mm.)  in  diameter. 

In  vertical  section  the  cone  is  seen  to  be  divided  laterally  by 
curved  floors  parallel  with  the  convex  surface  of  the  base.  These 
are  subdivided  somewhat  irregularly  by  vertical  septa  in  the 
central  area.  Average  height  of  test,  i  inch  (o  mm.) ;  average 
diameter  at  the  base,  i  inch  (4*16  mm.). 

ArFiKiTiES. — The  present  species  differs  considerably  in  point  of 
structure  from  the  large  Cretaceous  Patellina,  the  chief  distinction 
of  the  latter  forms  being  the  more  or  less  hemispherical  or  spherical 
shape  of  the  cliaiiibers  constituting  the  cortiral  layer.  In  the 
Tertiary  8|»eciineu8  the  corticiil  chambers  are  «1t»ci«ledly  rectangular. 

I  have  lately  taken  the  opportunity  of  examining  the  specimens 
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of  '  Conulitea '  Cooki,^  both  in  the  collection  at  the  British  Mneeam 
(Natural  History) '  and  in  the  Carter  Collection  at  the  Geological 
Society,  in  order  to  make  a  comparison  of  the  Indian  with  the 
Egyptian  species.  In  the  collection  at  the  Geological  Society'! 
Museum  the  best  specimens  of  PaUllina  Cooki  are  mounted  on  slide 
No.  40  of  the  Carter  Collection,  and  are  numbered  2  (from  Kelat), 
3  (from  Sind),  and  4  (from  Arabia).  The  sections  of  P,  Cooki 
show  the  cortical  layer  to  consist  of  rectangular  chambers,  bat 
these,  unlike  the  Egyptian  specimens,  are  without  the  secondary 
imperfect  septa  or  dissepiments  seen  in  the  latter. 

Some  West  Indian  specimens  of  Miocene  age  kindly  lent  me  by 
Mr.  Jennings  show  this  secondary  septation  of  the  cortical  layer, 
but  the  chambers  in  these  are  more  crowded  and  narrower  than  in 
P.  Egyptiensis,  and  the  species  is  probably  new. 

It  is  interesting  to  note  that  PateUina  Cooki  is  associated  with 
the  following  foraminifera  in  the  Indian  limestone  as  given  by 
Carter  in  the  paper  above  mentioned,  namely  :  Aheolina  elliptiea^ 
NummuUtes  ohesa,  N,  perforata,  N,  Carteri,  Assilina  exponens, 
A,  apira,  and  Orhitoides  dispansa.  The  limestone  in  which  these 
foraminifera  occur  appear  to  belong  to  the  Eirthar  Group  (Eocene).* 
In  these  Eocene  beds  the  shell -structure  exhibits  the  simplest  plan. 
In  the  Egyptian  beds,  probably  Lower  Miocene,  we  have  the  inter- 
mediate stage  in  the  development  of  the  cortical  layer.  Finally,  in 
the  West  Indian  Miocene,  presumably  newer  in  age,  the  transition 
of  the  outer  cbanibers  is  carried  out  still  further. 

Thus  there  appears  to  be  a  progression  of  this  form  in  a  westerly 
direction. 

?  Lower  Miocene :  from  a  plateau  between  Cairo  and  Suez.  Very 
abundant,  forming  about  50  per  cent,  of  the  bulk  of  the  rock. 

DISCORBINA,  Parker  &  Jones  [1862]. 

DisooRBiNA,  sp.,  near  D.  globulabis  (d'Orbigny). 

Eosalina  glohularia,  d*Orb.,  1826  :   Ann.  Sci.  Nat,  vol.  vii,  p.  271, 

pi.  xiii,  figs.  1-4 ;  ModMe,  No.  69. 
Discorhina  globtdaria  (d*Orb.),  Parker,  Jones,  <fe  Brady,  1866 :  Ann. 
Mag.  Nat.  Hist,  ser.  in,  vol.  xvi,  p.  30,  pi.  ii,  fig.  69. 

Our  specimen  occurs  in  a  section  of  the  rock,  but  there  is  little 
doubt,  from  the  thick  peripheral  wall  and  globular  segments,  that 
it  is  referable  to  the  above  species.  It  is  a  well-known  fossil  in 
Middle  Eocene,  Miocene,  and  Pliocene  beds. 

?  Lower  Miocene :  from  a  plateau  between  Cairo  and  Suez.  One 
specimen. 

*  See  Carter,  1861,  Joum.  Bombay  Br.  Roy.  As.  Soc.,  vol.  vi,  p.  83.  AUo 
Ann.  Mag.  Nat.  Hist.,  ser.  in,  vol.  viii,  p.  457«  pi.  xv,  fig.  7. 

»  To  Mr.  R.  B.  Newton  and  Mr.  W.  R.  Jones  I  am  indebted  for  their  kind 
attention  when  examining  these  specimens  at  the  British  Museum  and  the  Geological 
Society. 

*  See  Manual  of  Geology  of  India,  1893,  Medlicott  &  Blanford,  2nd  ed.,  revised 
by  R.  D.  Oldham,  pp.  306-7. 
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TRXJNOATUIilNA,  d'Orbigny  [1826]. 
Tbunoatxjlina    Ungeriana    (d'Orbigny). 

Eotaltna    Ungeriana,  d*Orb.,  1846 :    Foram.  Foes.  Yienne,  p.  157, 

pi.  viii,  figs.  16-18. 
IVvjicaltiZtiia  Ungeriana  (d'Orb.),  Beuss,  1866 :  Denk.  Akad.  Wiss. 

Wien,  vol.  xxv,  p.  161,  No.  10.      Brady,  1884:   Rep. 

GhalL,  p.  664,  pi.  xciv,  figs.  da-c. 

The  example  foand  is  very  typical,  and  has  the  form  of  the  test 
well  preserved  ;  it  was  obtained  by  powdering  the  rock.  The  above 
species  makes  its  appearance  in  beds  of  Cretaceous  age,  and  it  occurs 
commonly  throughout  the  Tertiary  formations. 

?  Lower  Miocene :  from  a  plateau  between  Cairo  and  Suez.  One 
specimen. 

Subfamily  Tinoporinje. 

GYPSINA,  Carter   [1877]. 

Gtpsika  grassitbsta,  sp.  nov.     (PL  U,  Fig.  4.) 

Test  hyaline  and  adherent ;  coarsely  perforate ;  consisting  of  series 
of  dome-shaped  segments  overlying  one  another  alternately  and  in 
about  five  or  more  successive  layers.  The  first  series  of  chambers 
more  spherical  than  the  later  ones.  The  test  is  adherent  to  thin 
shell  fragments  or  consolidated  pieces  of  sand.  Average  diameter  of 
the  chambers,  -^  inch  ('26  mm.).  The  largest  specimen  found 
measures  VVinch  (9  mm.)  in  length  ;  height,  7^  inch  (*75  mm.). 

The  recent  Oyptina  inharens  (Schultze)^  has  a  similar  habit  of 
growth  to  this  species,  but  it  is  usually  much  thinner  in  its  shell • 
walL  The  present  species  has  coarse  tubuli,  such  as  is  often  present 
in  Oypiina,  The  nature  of  the  thick  walls  also  reminds  one  of 
»  similar  character  seen  in  Carpenteria,  Oypsina  vesicularis,  var. 
di$eu8f  Goes,*  may  also  be  compared  with  the  above  species  with 
regard  to  the  depressed  form  of  the  test,  especially  in  one  of  our 
specimens,  where  the  peripheral  edge  is  neatly  rounded  ofif. 

?  Lower  Miocene  :  from  a  plateau  between  Cairo  and  Suez. 
Frequent 

POLYTREMA,  Risso  [1826]. 

POLTTBKMA  PAPTRAOSA,  Sp.  nOV.      (PL  II,  Fig.  5.) 

Test  adherent,  consisting  of  layers  of  somewhat  aoervnline  but 
maoh  elongated  chambers,  extending  along  the  plane  of  attiachment. 
The  test  often  attains  the  length  of  ^  inch  (6*25  mm.)  ;  greatest 
tbiokness,  Vr  ii^oh  ('694  mm.). 

A  passage  form  between  this  species  and  the  well-known  recent 
FiolffUrema  miniaeeum  (L.)  has  been  found  in  certain  Tertiary  and 
raoent  limestones,  and  will  shortly  be  described.  The  present  species 
is  distingQished  by  its  limited  extent  and  compressed  lenticular  shape. 

>  AesrvuliHa  inhmrens,  Schnltee,  IS54 :  **  Oiganismiu  Polythal.,"  p.  68,  pi.  id, 
%.  12.  - 

'  Boll.  Mas.  Comp.  Zool.  Hanrard,  1896,  toI.  zxix,  Xo.  1  (xx),  p.  74,  pi.  vii^ 
ftp.  4-S. 
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?  Lower  Miocene:  from  a  plateau  between  Cairo  and  Sues. 
Frequent. 

Family  NTJMMTJLINIDJE. 

Subfamily  Polystomellinje. 
NONIONINA,  d'Orbigny  [1826]. 
NoNiONiNA  BouEANA,  d'Orbiguy. 

Nonionina  Boueana,  d'Orbigny,  1846  :  Foram.  Foss.  Vienne,  p.  108, 
pi.  V,  figs.  11,  12. 

This  species  is  represented  both  by  casts  and  sections  in  the 
Egyptian  limestone.  In  the  casts  the  retral  processes  of  the 
segments  are  faithfully  reproduced,  and  the  umbilical  protuberance 
is  well  shown.  The  general  form  of  the  test  is  subcircular,  com- 
pressed, with  a  rather  sharp  keel,  and  numerous  narrow  chambers. 

Fossil  specimens  of  this  shallow-water  form  have  been  recorded 
from  the  Oligocene  of  Germany  and  the  Miocene  of  the  Vienna  Basin 
and  Southern  Italy ;  and  I  have  lately  identified  a  variety  of  this 
species  in  the  Miocene  of  California. 

?  Lower  Miocene :  from  a  plateau  between  Cairo  and  Suez. 
Common. 

With  regard  to  the  age  of  the  foregoing  species  of  foraminifera  in 
the  Pa/e^/tna-limestone,  should  the  exact  stratigraphical  horizon  of 
the  rock  as  Lower  Miocene  be  confirmed,  it  is  of  much  interest  to 
note  the  general  aspect  of  the  fauna,  which  strongly  tends  to  confirm 
this  idea,  although  there  are  one  or  two  exceptions,  such  as  the 
presence  of  Alveoltna  found  by  Schwager  much  lower  in  the  series 
(Libyan  Stage)  in  Egypt.  Since  no  Nummulites  have  been  observed 
in  our  rock-specimens  we  cannot  but  regard  the  occurrence  of  the 
Alveolina  as  indicating  an  upward  rnnge  of  considerable  extent. 


Limestone  with  Opebculina,  etc. 
These  specimens  are  labelled  Box  D,  5,  6,  and  7  (1,257),  near 
Erment,  right  bank  of  Nile  Valley.  Captain  Lyons  considers  these 
beds  to  be  of  Pliocene  age.  The  colour  of  the  limestone  is  of  a  pale 
cream  to  a  whitish  tint  The  foraminifeiti  are  not  numerous  in  this 
rock,  but  Opereidina  may  be  detected  on  the  fractured  surfaces.  In 
section  the  rock  is  a  fine  granular  or  crystalline  limestone,  with 
some  included  fragments  of  a  denser  and  somewhat  amorphous- 
looking  limestone  scattered  through  it,  especially  in  specimen  D  6. 
There  are  also  traces  of  lamellibranch  shells  and  eohinoderm  spines. 
The  oiiganisms  in  this  rook  are  deposited  very  uniformly,  their 
length  coinciding  with  the  plane  of  bedding,  so  that  the  sections 
taken  at  right  angles  to  one  another  show  the  shells  cut  in  two 
directions,  longitudinal  and  transverse,  in  the  separate  slides.  The 
foraminifera  are  fairly  numerous,  but  rather  small,  and  comprise  the 
genera  Textularia,  Olobigerina,  Oypnna,  Amphi$teg%na,  and  OpercMna. 
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FOBAMnriFEBA. 
Family  TEXTULARIIDJE. 
Subfamily  Tbxtulariin^. 
TEXTDLARIA,    Defranoe    [1824]. 
Tkxtularia.  sagittula,  Defrance. 
Texbdaria  sagtUula,  DefraDoe,  1824:   Diet  Sci.  Nat.,  vol.  xxxii, 
p.  177 ;  vol.  liii,  p.  344 ;  Atlas  Conoh.,  pi.  xiii,  fig.  5. 
Brady,   1844:    Rep.  Chall.,   vol.   ix,   p.   361,  pi.  xlii, 
figs.  17, 18.  . 
Several  sections  of  this  species  occur  in  the  limestone.     It  is 
easily  recognized  by  its  elongated  contour  and  numerous  chambers. 

T.  sagititda  has  a  wide  range  in  time,  being  known  as  far  back  as 
the  Aptian. 

Pliocene :  near  Erroent,  right  bank  of  Nile  Valley.     Frequent 

Texttjlabia  agglutinans,  d'Orbigny.     (PI.  II,  Fig.  6.) 
Texttdaria   agglutinans,  d'Orb.,  1839  :   Foram.  Cuba,  p.  136,  pi.  i, 
figs.  17,  18,  32-34.     Brady,  1884 :  Rep.  Chall.,  voL  ix, 
p.  363,  pi.  xliii,  figs.  1-3. 
The  specimen  found  in  the  limestone  from  Egypt  is  typical  in 
form,  but  rather  small.     In  the  fossil  condition  this  species  occurs 
as  far  back  as  the  Carboniferous  Limestone  formation. 
Pliocene :  near  Erment,  right  bank  of  Nile  Valley.  One  specimen. 

Family  GLOBIGERINID^ 

GLOBIGERINA,  d'Orbigny  [1826]. 

Globigbrina   gonglobata,  Brady* 

Globigerina    eonglohata,  Brady,   1879 :    Quart.   Joam.   Micr.   ScL, 
vol.  xix,  N.8.,  p.  72  ;  idem,  1884,  Rep.  Chall.,  vol.  ix, 
p.  603,  pi.  Ixxx,  figs.  1-5 ;  pi.  Ixxxii,  fig.  5. 
The  examples  of  the  above  species  found  in  the   Operculina' 
limestone  are  fairly  typical,  but  are  somewhat  rounder  in  outline 
than   recent  specimens.     0.  conglobata  appears  to  make  its  first 
appearance  in  beds  of  Miocene  age. 
Pliocene :  near  Erment,  right  bank  of  Nile  Valley.    Frequent 

Family  ROTALIID^. 

Subfamily  Tinoporimje. 

GYPSINA,  Carter  [1877]. 

Gtpsina  vesioulabis?  (Parker  &  Jones). 

Orbitolina  veMenZarts,  Parker  &  Jones,  1860 :  Ann.  Mag.  Nat  Hist., 

aer.  iii,  vol.  vi,  p.  31,  No.  5. 
Gjfprina  ve$ieulari$  (Parker  &  Jones),  Carter,  1877:  Ann.  Mag. 

Nat  Hist,  ser.  iv,  vol.  xx,  p.  173. 
There  is  a  fragment  of  a  (igpsina  occurring  in  one  of  our  slides, 
which  seems  to  come  nearest  to  the  structure  seen  in  0.  veiicdarii ; 
on  the  other  band,  there  is  just  the  possibility  that  it  is^n  irregular 
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example  of  tbe  more  regularly-built  0.  glohtdus   (Keuss).    Both 
species  date  from  the  Miooene. 
Pliooene  :  near  Erment,  right  bank  of  Nile  Valley.    A  fragment. 

Family  NTTMMTJLINID^. 

Subfamily  Nummulitinjk. 

AMPHISTEGINA,  d'Orbigny  [1826]. 

Amphistkoina  Lbssonii,  d'Orbigny. 

Amphistegtna    Zessaniit    d'Orb.,   1826 :    Ann.    Soi.   Nat,   vol.   vii, 

p.  304,  No.  3,  pi.  xvii,  figs.  1-4 ;  Modele,  No.  98. 
A.  mamillata,  d'Orb.,  1846 :  Foram.  Foss.  Vienne,  p.  208,  pi.  zii, 

%8.  6-8. 
jL  rugosa,  id. :  ibid.,  p.  209,  pi.  xii,  figs.  9-11. 
A.  gibboBQ,  Williamson,  1851 :  Trans.  Micr.  Soc.  Lend.,  sen  i,  toL  iii^ 

p.  110,  pi.  xvii,  figs.  1,  2. 
A.  Lessoni,  d'Orbigny :  Parker,  Jones,  &  Brady,  1865,  Ann.  Hag. 

Nat.  Hist.,  ser.  iii,  vol.  xvi,  p.  34,  pL  iii,  fig.  92. 
A.  semicostata,  Eaufmann,  1867:  Geol.  Beschreib.  des  Pilatus,  p.  149,. 

pi.  viii,  fig.  18. 
HemiBtegina  rotula,  id. :  ibid.,  p.  150,  pi.  viii,  fig.  19. 
A.  LeBsanii,  d'Orb.,  Moebius,  1880:  Foram.  Mauritius,  p.  99,  pi.  x, 

figs.  10-14;  pi.  xi,  figs.  1-3. 
A.  ParxBtensis,  Terquem,  1882:   M6m.  Soa  gfol.  Franoe,  ser.  iir,. 

vol.  ii,  Mem.  iii,  p.  124,  pi.  xiii,  figs.  3a,  h. 
A.  LeBBonit,  d'Orbigny,  Brady,  1884 :  Rep.  GhalL,  voL  ix,  p.  740r 
pi.  cxi,  figs.  1-7. 
The  above  synonymy  refers  especially  to  the  thick  varieties  of 
A,  LeBBonii,  since  the  examples  met  with  in  the  OpercuZtna-Iimestone 
belong  to  that  group.  The  specimens  are  well-grown,  and  exhibit  in 
all  cases  a  well-developed  cone  of  non-tubulous  shell  materiaL 

Typical  specimens  of  A,  LeBBonii  date  from  the  Eocene  period,  and 
they  abound  in  some  rocks  of  Miooene  and  Pliooene  ages. 

Pliocene :  near  Erment,  right  bank  of  Nile  Valley.    Frequent 

OPERCULINA,  d'Orbigny  [1826]. 

Opeboulina  ammonoidbs  (Gronovius).     (Pi.  II,  Figs.  6,  7.) 

NautiluB    ammonoideB,  Gronovius,    1781 :    Zooph.    Gron.,   p.    282, 

No.  1,220,  and  p.  v  (expl.  Tab.). 
N,  BalthicuBf  Schroeter,   1782,   Naturforscher,  vol.   xvii,   p.  120; 

1783,  Einleitung,  vol.  i,  p.  20,  pi.  i,  fig.  2. 
Operculina  complanata  (Defranoe),  Parker  &  Jones,  1857 :  Ann.  Mag. 

Nat  Hist,  ser.  ii,  vol.  xix,  p.  285,  pi.  xi,  figs.  3,  4. 
0.  ammonotdeB  ((Gronovius),  Parker  &  Jones,  1861 :  Ann.  Mag.  Nat* 

Hist,  ser.  iii,  vol.  vih',  pp.  229,  -230. 
Brady,  1884 :  Bep.  Chall.,  vol.  ix,  p.  745,  pi.  cxii,  figs.  1,  2. 
A.  SUvestri,  1893 :  Mem.  Pontif.  Aooad.  N.  Linoei,  vol.  ix,  p.  217, 

pi.  vi,  fig.  5. 
Eupert  Jones,  1897 :   Mon.  Foram.  Crag,  pt.  iv,  p.  364,  pi.  vii,. 

figs.  d4a,  b.     Also,  var.  eurvicamerata,  Jones,  ibid., 

p.  865,  pL  V,  fig.  83. 
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The  Egyptian  specimens  are  neat  and  typically  shaped.  The 
septation,  however,  is  rather  more  crowded  and  narrower  than 
osiiaL  In  vertical  section  the  test  appears  to  be  somewhat  strongly 
limbate.  In  the  limestones  from  near  Erment  this  species  is  very* 
oommon,  but  does  not  constitute  a  large  proportion  of  the  rock. 

It  is  interesting  to  note  that  the  previous  geological  occurrences  of 
0.  ammouoide$  agree  with  the  age  of  these  present  rocks^  since  it  has 
been  met  with  in  beds  not  older  than  the  Pliocene  of  Calabria;  it 
was  also  found  in  the  English  Coralline  Crag,  and  it  has  been  noted 
from  tlie  Pleistocene  of  Norway.  As  a  recent  organism  it  occurs 
in  fairly  shallow  water,  and  has  a  wide  geographical  range,  including 
the  Mediterranean  and  the  Gulf  of  Suez. 

Pliocene :  near  Erment,  right  bank  of  Nile  Valley.  Very  oommon. 
EXPrjlNATION  OF  PLATE  II. 
Fio.  1. — ^Limestone  with  FatelHna  EgyptiensU^  sp.  nov.,  and  Akeolina  lepidula, 

Schwager.    ?  Lower  Miocene :  between  Cairo  and  Suez,     x  12. 
Fig.  2. — Vertical  sections  of  PateUina  E^yptiensis,  showing  the  primordial  spire. 

?  Lower  Miocene :  hetween  Cairo  and  Suez,     x  16. 
Fio.  3. — Basal  section  of  FateUina  EgypiUntis^  showing  the  central  and  cortical 

arrangement  of  the  septa.    ?  Lower  Miocene  :  hetween  Cairo  and  Suez. 

xl6. 
Fio.  A,—0yp9hw  erastUesta,  sp.  nov.,  vertical  section.    ?  Lower  Miocene :  hetween 

Cairo  and  Suez,     x  16. 
Fio.  6. — Folytrema  papyracea^  sp.  nov.,  median  section.   ?  Lower  Miocene :  between 

Cairo  and  Suez,     x  16. 
Fio.  6. — ^Limestone  with  OptrciUina  ammonoidei  (Gronovius)  in  median  section,  and 

Ttxtularia  aygUitiftant,  d^Orh.     From  specimen  D  5.    Pliocene:   near 

Erment,  right  bank  of  Nile  Valley,     x  13. 
Fig.  7. — Limestone  with  Opei-eulitta  ammonoidet  (Gronovius)  in  vertical  section. 

From  specimen  D  6.    Pliocene :  near  Erment,  right  hank  of  Nile  Valley. 
X  15. 

SfBCIXS  of  FoEAMINIFSRA  DK8CBIBBD  IN  THIS  PAPER. 

1.  Biloeulina  bulloidet,  d' Orb.      .    .     .    F  L.  Miocene :  between  Cairo  and  Suez. 

2.  ,,  „     var.  t«o;7ia^a,  d*Orb. 

3.  MUioHna  obhnga  (Montagu)      .     . 

4.  „  mbrottmda  (Montagu)  . 

5.  „  trig^Hula  (Lam.)   .     .  . 

6.  „  fi»^fl(d*Orb.)      .     .  . 

7.  ,,  9$mitttilum  (Linne)     .  . 

8.  >»  polyyona  (d'Orb.)       .  . 

9.  Orhiadma  adunea  (Fichtel  &  Moll) 

10.  Ak^olina  eUiptoiduliB^  Schwager   . 

11.  „        hptdHla^  Schwager    .    . 

12.  TextuUtria  eyyltttinam,  d*Orb. 

15.  «,         tttyittula,  Defrance  *.     . 
14.  Biytnerina  eapreoltu  {d*Orh,)    ,     . 

16.  Olobiyerina  conylobata,  Brady   .     . 

16.  PaUUina  Egyptienti*,  sp.  nov. 

17.  Dtteorbinm  ylobttlarii  ?  (d' Orb.) 

18.  Truncatulwa  Ungei-iana  (d'Orb.)   . 

19.  Oyptmm  vetieularit?  (Parker  &  Jones] 

20.  „        OTMiUettaf  sjp.  nov.     .    • 

21.  Ibiytr^ma  papyracea^  sp.  nov.  .    . 

22.  Jfonionitui  Eoueana,  d*Orb.       .     . 

23.  Amphitttyifia  Leuonii,  d*Orb. 
&4.  OptritUmm  mnmoMoidet  (Gronovius) 


Pliocene :  near  Erment. 

?  L.  Miocene :  between  Cairo  and  Suez. 

Pliocene :  near  Erment. 

?  L.  Miocene :  between  Cairo  and  Suez. 


Pliocene :  near  Erment. 

?  L.  Miocene :  between  Cairo  and  Suez. 


fmr^  tuhdelUndem  (Milnster)    . 

DICAOR  IV. — VOL.  Tn. — %0, 


Pliocene,  near  Erment. 
•  i>  .•    ^      ■ 

Obtbacoda. 
.    #    .    P  L.  Miocene :  between  Cairo  aud  Suez. 

....  .,.„    ,. .  ^.  .. 
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III. — Modern  Denudation  in  Nobth  Wales. 
By  J.  B,  Daktks. 

THE  subject  of  denadation  is  so  important  that  I  propose  giving 
a  few  instances  of  denudation  and  of  the  transport  of  material 
that  have  actually  come  under  my  own  observation  or  that  of  my 
friends.  Where  one  sees  the  same  famih'ar  crags  and  pinnacles  year 
after  year,  apparently  quite  unchanged,  one  may  perchance  fancy 
that  denudation  is  at  a  standstill ;  but  anyone  who,  in  scrambling 
across  the  screes  that  clothe  many  a  steep  hillside,  finds  them  moving 
beneath  his  feet  or  perhaps  has  clattering  about  his  ears  a  shower  of 
stones  dislodged  by  some  wandering  sheep,  will  at  once  perceive 
that  it  is  not  so :  for  it  is  obvious  that  if  the  mere  tread  of  such 
a  small  beast  as  a  sheep,  shepherd  or  other  pedestrian,  can  set  scree 
rolling  downhill,  it  must  be  in  a  very  unstable  state,  and  may  be 
expected  to  move  in  a  conspicuous  manner  under  more  potent  forces 
than  the  tread  of  animals.  Observation  shows  that  this  is  the  case. 
Not  a  year  passes  without  some  conspicuous  fall  of  scree  or  of  solid 
rock,  owing  chiefly  to  great  downpours  of  rain.  Leaving  general 
statements,  I  will  now  give  actual  instances  of  the  fall  of  rock  or 
movement  of  scree  that  have  recently  taken  place  in  the  Snowdon 
district. 

In  the  Summer  of  1897  a  larg^  mass  of  earth  and  rock  debris  was 
washed  by  heavy  rain  down  the  hillside  overlooking  the  east  end  of 
Llyn  Llydaw,  leaving  a  conspicuous  scar  which  is  still  quite  distinct. 
A  similar  scar  close  by,  which  is  actually  marked  on  the  Ordnance 
six-inch  map,  was  doubtless  formed  in  a  similar  manner.  Later  on, 
in  August,  under  another  downpour  of  rain,  a  similar  scar  was 
formed  on  the  Glyder  near  the  head  of  Llanberis  Pass. 

In  June,  1898,  after  a  great  deal  of  wet  weather,  while  the 
summits  were  still  enveloped  in  mist,  I  was  scrambling  along  the 
slope  of  Lliwedd,  above  Cwm  Llan,  when  I  was  startled  at  hearing 
from  the  side  of  Snowdon  a  noise  like  that  of  an  explosion,  followed 
by  the  sound  of  falling  rocks.  Turning  quickly  round,  I  saw  issuing 
from  the  mist  a  quantity  of  earth  and  stones  rushing  down  the 
mountain-side,  and  leaving  long  trails  ploughed  out  of  the  loose 
material  clothing  the  steep  slope.  Going  up  next  day  I  found  that 
a  large  mass  of  rock,  weighing  several  hundred  tons,  had  slipped 
down  the  hillside.  The  landslip  was  evidently  due  to  a  tiny  rill 
having  been  swollen  by  the  recent  rains  and  having  washed  away 
some  material  supporting  the  highly  weathered  rocks,  whose  points 
of  support  then  gave  way  with  snaps  like  explosions  of  gunpowder. 
I  once  saw  a  somewhat  similar  fall  of  rocks  in  Norway  caused  by 
a  thunder-shower.  In  August,  1899,  during  heavy  rain,  a  long 
conspicuous  scar  was  formed  in  scree  on  the  side  of  Tr  Aran.  On 
November  drd,  the  day  of  the  great  gale,  when  from  fifteen 
to  twenty  streams  were  tearing  down  the  mountain-sides,  where 
usually  Uiere  are  only  two  or  three,  the  high-level  footpath  to 
Snowdon  waa  in  three  places  either  completely  washed  away  or 
obliterated  by  being  overwhelmed  with  stuff  washed  down  the  side 
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of  Crib  y  DJysgl.  A  few  days  after  this,  on  going  to  seek  shelter 
from  rain  in  an  old  adit  level,  where  I  bad  often  sheltered  two 
years  ago,  I  found  it  completely  covered  with  screes,  wbicb  bad 
either  oome  down  in  a  similar  manner  previously  or  had  gradually 
aocamalated  during  the  last  two  years.  Another  old  level,  wbicb 
was  open  when  I  was  a  boy,  has  long  since  been  quite  covered  by 
scree. 

A  long  red  scar  is  to  be  seen  on  the  hillside  between  Lliwedd 
and  GeAi  y  Wenallt :  this  was  formed  in  Marob  some  years  ago  by 
an  avalanche  caused  by  the  sudden  melting  of  the  winter's  snow 
under  heavy  rain.  A  friend  of  mine  saw  and  beard  it  come  down 
with  a  roar  like  tbunder. 

Another  cause  of  the  fall  of  rocks  is  ligbtning.  I  often  see 
freshly  broken  rocks  that  look  as  if  they  must  have  been  broken 
by  lightning :  sucb  a  one  I  noticed  the  other  day  below  Crib  Goch, 
which  had  probably  been  struck  by  lightning  during  the  thunder- 
storm that  occurred  on  the  20th  of  July,  1899 ;  but  it  is  not  often 
that  we  actually  know  as  a  fact  that  sucb  and  sucb  a  rock  has  been 
•truck  by  lightning.  During  the  great  thunderstorm  tbat  occurred 
in  North  Wales  in  the  middle  of  August,  1898,  a  mass  of  rook  was 
broken  and  thrown  down  near  Llyn  Teyrn.  This  is  known  to  have 
been  done  by  lightning,  as  it  was  not  there  till  after  the  storm.  It 
is  still  quite  distinct. 

It  will  thus  be  seen  that  scree  is  perpetually  moving  down  to 
a  quite  oonspiouous  extent  under  the  influence  of  water,  and  that 
large  landslips  and  falls  of  rock  are  also  caused  by  heavy  rain  and 
by  ligbtning.  I  have  not  had  an  opportunity  of  observing  in 
Wales  the  transport  of  stones  by  ordinary  mountain  torrents;  but 
doubtless  such  torrents  behave  in  Wales  as  similar  streams  do  in 
Yorkshire,  about  which  1  happen  to  know  something.  1  once  lived 
at  Kettlewell  in  Cmven,  in  a  room  overlooking  a  mountain  torrent 
I  had  not  been  there  very  long  before  there  was  a  deal  of  heavy 
rain;  and  one  night,  after  all  the  village  folk  had  gone  to  bed, 
I  beard  a  bumping  noise  as  if  a  heavy  cart  were  jolting  over  a  rough 
road ;  so,  being  surprised  that  anyone  should  be  driving  a  cart  at 
dead  of  night,  I  opened  the  window  and  looked  out,  and  1  then 
discovered  that  the  noise  was  caused  by  boulders  bumping  against 
•one  another  as  they  were  swept  down  by  the  beck  tbat  flowed  under 
my  window.  Whenever  there  was  heavy  rain  on  the  bills,  that 
bumping  noise  was  heard.  The  beck,  when  in  spate,  which  it  often 
was,  invariably  rolled  great  stones  down  to  the  river  Wharfe.  No 
donbt  mountain  streams  in  Wales  and  in  other  hilly  countries 
•do  likewise.  I  may  here  remark  that  this  transport  of  stones  may 
go  on  in  dear  water.  In  such  a  country  as  the  volcanic  parts  of 
-Camberland  and  Westmorland,  where  there  is  no  shale,  very  little 
{>eaty  and  all  the  rooks  are  hard,  a  stream,  eren  when  in  spate,  will 
nn  quite  clear,  bat  it  is  hurrying  stones  on  along  its  bottom  all  the 
-same.  The  effect  of  this  may  t^  seen  in  many  places  in  the  great 
^spreads  of  gravel  that  occur  where  a  mountain  stream  enters  a  river 
Valley^  as  for  instance  where  such  a  stream  enters  the  valley  of  the 
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Aire  from  tlie  bills  above  Kildwick  and  Oonouley.  1  bave  given  the 
above-mentioned  observations  to  prove  that  there  is  now  going  on 
a  steady  transport  of  material,  but  the  same  oonolusion  is  manifest 
to  the  reason,  for  there  are  places  on  the  mountains  where  the  rock 
is  conspicuously  bare,  naked,  and  fresh-looking,  being  free  from 
asperities  and  from  vegetable  growth ;  such  spots,  reason  tells  us,  are 
the  places  where  there  is  a  perpetual  or  oft  repeated  fall  of  stones 
from  above.  There  is  such  a  naked  rock  on  Clogwyn  y  Gkmedd, 
under  the  summit  of  Snowdon  ;  and  though  I  have  not  actually  seen 
stones  falling  there,  I  am  as  sure  that  the  naked  appearance  of  the 
rock  is  due  to  falling  stones  as  if  I  had  seen  them  fall.  Such  bare 
places  on  the  mountain-sides  are  very  conspicuous  in  some  parts  of 
Norway  ;  and  the  natives  tell  you  that  they  are  due  to  'stane  scree/ 
Another  sign  that  a  rock  is  now  wasting  away  is  this :  if  the 
ground  beneath  a  cliff  is  thickly  strewn  with  blocks  of  the  same 
rock  as  that  of  which  the  cliff  is  composed,  you  may  be  quite  sure 
that  the  cliff  is  now  wasting  away.  A  geologist  must  be  careful 
how  he  hammers  such  a  cliff  at  its  foot,  for  even  a  slight  blow  of 
his  hammer  may  bring  down  a  mass  of  rock  on  to  his  head.  Again, 
the  spiky  character  of  a  serrated  ridge  is  proof  that  the  ridge  is 
wasting  away.  Such  wasting  away  is  mainly  due  to  frost;  and 
I  have  noticed  that  in  the  Spring  the  mountain-sides  are  in  a  more 
crumbly  and  unstable  state  than  at  any  other  time  of  the  year. 
This  is  doubtless  due  to  the  winter  frosts.  I  have  now  said  enough 
to  show  that  denudation  is  steadily  going  on,  though  its  amount  may 
be  small  in  comparison  with  the  size  of  the  hills. 

IV. — On  Sandstomb  Pipes  in  thb  Oabbonifebous  Limbstonb  at 
DwLBAN  Point,  East  Anolbsbt. 

By  Edwabd  Grbexlt,  P.O.S. 

THE  low,  but  rocky  headland  of  Dwlban  Point  forms  the  western 
corner  of  Red  Wharf  Bay,  on  the  east  coast  of  Anglesey ; '  and 
is  on  the  coastline  of  the  principal  tract  of  Carboniferous  rocks  in 
the  island,  not  very  far  from  the  boundary  fault  which  runs  out 
to  sea  beneath  the  sands  of  the  bay.  The  Carboniferous  Limestone 
near  the  Point  is  for  the  most  part  a  light-grey,  crystalline  rock, 
with  abundant  crinoids,  corals,  and  other  marine  fossils.  There  are, 
however,  four  beds  of  sandstone,  varying  from  2  to  9  feet  thick,  and 
some  of  the  Limestone  itself  also  contains  scattered  grains  of 
quartz.  The  sandstones  are  clean  white  rocks,  generally  fine,  but 
with  occasional  thin  seams  of  small  pebbles. 

Now  the  foreshore  at  Dwlban  Point  is  composed  of  a  massive  bed 
of  light-grey,  crystalline  Limestone.  The  surface  of  this  bed,  at 
a  little  creek  dose  to  the  headland,  is  pierced  by  a  laige  number  of 

'  Abstracts  of  this  and  of  the  sncceeding  paper  were  read  before  the  Britldi 
Association,  Dover,  1899. 

s  Borii^  the  first  examination  and  the  mapping  of  this  rround  I  was  accompanied 
by  my  friend  Mr.  J.  B.  Dakjns.  I  should  like  to  add  also  that  most  of  the 
)>nenomena  here  described  were  noticed  more  than  twenty  years  a^o  by  Mr.  G,  H» 
Morton,  P.G.S.  **      V    ,  ^     . 
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E.  Oreenly — Sandatone  Pipes.  21 

oiroolar  pits,  varying  from  1  foot  to  7  feet  iq  diameter.  The, 
margins  of  these  Laving  been  glaoiated,  they  open  out  in  trumpet^ 
shaped  forms,  but  each  qan  be  seen  to  be,  or  to  haye  been,  filled. 
with  a  plug  of  fine  white  sandstone,  descending  into  the  Limestone 
at  right  angles  to  the  bedding.  (See  Figures  illustratii^  the 
SDcoeeding  paper.) 

lliese  plugs  can  be  seen  in  various  stages  of  denudation.  Some 
have  been  worn  down  fiush  with  the  surrounding  Limestone,  and 
some  of  the  smaller  ones  have  been  excavated  so  as  to  leave  an 
almost  empty  pit  or  pothole  with  a  little  sandy  matter  in  the 
bottom.  In  one  part  of  the  shore,  however,  the  plugs  have  been 
left  standing  each  in  its  circular  pit,  some  4  or  5  feet  above  the  level 
of  the  surrounding  rock  (Fig.  1) ;   and  the  foreshore  here  presents 


Fio.  1. — Sandstonb  Pipe  in  Carbonifeuous  Limestone,  Dwlban  Point, 
Anglesey.    Looking  N.N.W. 

a  most  extraordinary  appearance,  great  masses  su^gestjve  of  gigantic 
fossil  corals,  or  of  tlie  Paramoudras  of  the  Chalk,  standing  up  from 
the  rocky  ledges,  while  others^  torn  out  by  the  sea,  lie  prostrate  in  all 
directions.    :.'. 

The  Limestone  is  here  the  highest  bed  seen,  but  as  we  proceed 
a  few  yards  to  the  $.S.E.  iq  the  direction  of  the  dip  (which  is  at 
about  4^-5^)  a  bed  of  saildistpfje,  about  2*  feet  thigk,  comes  on 
above,  foritiing  the  foreshore  in  its  turn  as  the  beds  cotne  down  ; 
ana  "  '-*^'-^-^^ ^-"  —  -    ^^  ^' ^..-^.j  i—  .i.^..- 

71 
8ome«^ 

Kow  at  the  to^osed-JHnctfon  fetween'the-^irfge*^^  or 'lower  *Lim6J 
A<me'Sind 
Ae'.nMterial- 
titiuoiis  with 
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£.  Oreenly — Sandstone  Pipes. 


collapse  in  this  bed  of  sandstone ;  indeed,  the  upper  surface  of  the 
bed  is  in  most  cases  gently  domed  upwards  over  the  openings  of  the 
pipes,  so  as  to  present  a  hummockj  surface  on  the  foreshore.  In 
some  cases  also  there  is  a  domed  joint  or  crack  in  the  sandstone  over 
the  head  of  the  plug. 


Fio.  2. — Diagram  Sbction  at  Dwlban  Point. 
a,  Piped  Limestone ;  fi,  Sandstone  ;  y,  Shale ;  i,  Upper  Limestone. 

The  larger  pits  seen  at  Dwlban  Point  are  about  6  feet  in  diameter 
at  the  top,  and  can  be  traced  to  a  depth  of  about  5-6  feet  But 
about  280  yards  to  the  south,  at  an  inland  crag  across  the  debris  of 
some  ancient  quarries,  is  a  section  showing  a  pipe  no  less  than 
12  feet  in  depth.     (Fig.  3.)    The  rock  pierc^  by  the  pipe  is  a  very 


II'        i>  1.  T — - — • — . 

.^^ 

^      Siiij^    - 

II-      •           M-            "1'    '!•      _  ._ 

Fio.  S. — Largb  Pipe  in  Inland  Cliff. 
a,  Cberty  Limestone ;  /S,  Sandstone ;  y,  Upper  Limestone. 
massive  grey,  crystalline  Limestone,  with  lines  of  chert  nodules,  and 
Ibe  material  of  the  pipe  is  in  connection  with  that  of  the  base  of 
a  sandstones whose^novmalthipkness  i^  about  8  feet  Overlying,  thia 
is  another  Limestone  about  10  feet  thick,  rather  fine  and  dark,  and 
poor  in  fossils.  Except  at  the  pipe  the  sandstone  lies  in  perfect 
conformity  with  both  Limestones.  It  is  a  white,  hard  rock,  mostly 
fine,  but  with  some  lines  of  pebbles.    The  funnel-shaped  pipe,  whose 
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bottom  is  not  seeoi  gives  rise  to  a  shallow  oavei  and  in  this  it 
appears  to  widen  out  somewhat  behind  the  face  of  the  crag,  aa 
though  it  were  there  more  basin-shaped  than  where  cut  by  the  plane, 
of  section.  The  bedding  of  the  sandstone  in  the  pipe  is  somewhat 
irregular,  and  bends  gently  downwards  near  the  mouth. 

T%e  material  of  the  plugs  is  a  fine  white,  hard  sandstone, 
weathering  light  brown.  It  weathers  also  very  cavemously,  as 
though  calcareous,  though  a  specimen  examined  at  home  did  not 
effervesce  with  acid.    There  are  a  few  small  lenticular  nests  of  little 

SebbleSy  but  no  pebbles  were  observed  more  than  1  inch  in 
iameter.  The  weathered  plugs  show  marked  bedding,  which  is 
parallel  to  that  of  the  series  as  a  whole.  There  seem  also  a  oon- 
centrio  structure  and  concentric  colour  banding.  The  jointing  tends 
toberadiaL 

In  both  oases  the  Limestones  penetrated  by  the  pipes  are 
thorouglily  marine,  as  shown  by  the  fossils,  though  at  Dwlban  Point 
the  opper  parts  become  somewhat  sandy.  No  unconformity  can  be 
observed  between  the  beds,  but  just  below  the  base  of  the  sandstone 
at  the  cxMst  the  Limestone  becomes  full  of  cracks,  which  widen 
upwards- into  small  fissures  filled  in  with  sand  and  pebbles. 

Whatever  their  origin,  the  pipes  appear  to  be  contemporaneous 
with  the  series  as  a  whole.  There  is  no  sign  of  collapse  in  the  beds 
above  them,  for  the  gentle  downward  bend  in  the  great  pipe  affects 
only  the  material  within  the  pipe  itself,  and  not  the  overlying  beds ; 
indeed,  the  tendency  is  to  a  heaping  into  domes  above  them.  They 
are  suggestive  of  potholes,  but  there  is  no  really  coarse  material 
in  them,  pebbles,  though  present,  being  both  rare  and  smalL  The 
smaller  plugs  seem  to  be  the  more  pebbly. 

The  suggestion  has  been  made  that  the  beds  overlying  the  piped 
Limestone  represent  fresh  -  water  episodes  and  upheaval,  with 
accompanying  denudation.^  ,  Shales  and  sandstones-  in  similar 
positions  in  the  Penmon  area  do,  indeed,  contain  abundant  plant- 
remains,  though  no  pipes  were  observed  by  me  there.  But  at 
Bwlban  Point  the  shale  above  the  sandstone  (7,  Fig.  2)  has  yielded 
a  shell  which,  though  very  poorly  preserved,  Mr.  E.  T.  Newton, 
F.R.S.,  who  was  so  good  as  to  look  at  it  for  me,  believes  to  be 
Spin/era  avalt$,  while  the  sandstone  itself  contains  what  seem  to 
he  annelid  castings.  Mr.  J.  Bennie,  formerly  of  the  G^logical 
Survey  of  Sootland,  has  also  very  kindly  examined  the  shale  for 
minute  organisms,  but  has  hitherto  failed  to  find  any.  The  whole 
series  therefore  appears  to  be  marine.  The  fissuring  of  the  upper 
surface  of  the  Limestone,  however,  points  to  an  interval  of  exposure 
after  hardening ;  and  it  is  interesting  also  to  note  that  the  Penmon 
Sandstones  above  alluded  to  contain  pebbles  of  Carboniferous  Lime* 
stone  (Q-J-OS.,  1896,  pp.  628,  629).  We  may  conclude,  then,  that 
Uie  piping  took  place  during  an  interval  of  shallowing,  and,  perhaps, 
exposure  of  the  sea-bottom.  Thfs  was  probably  quite  local,  for  the 
sandstones  in  this  region  are  for  the  most  part  of  very  limited  extent 

'  ^  Hr.  P.  F.  Kendall,  F.O.S.,  daring  the  discussion  at  the  meeting  of  the  British 
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It  is  curious  tbat  these  pipes  should  occur  in  the  same  area  at 
three  different  horizons,  the  great  pipe  being  somewhat  above  thoae 
of  the  Dwlban  Point,  while  some  seen  to  the  north  of  Benllech  must 
be  much  lower  in  the  series. 


V. — On  DefleotW)  Glactial  StRiiR  at  Dwlban  Point, 
East  AnqLssbt. 
By  Edward  Gbbbnlt,  F.G.S. 
rpHE  Limestone  of  the  foreshore  at  Dwlban  Point ^is  roagnifioeBily. 
X  .  glaciated,  the  ice- worn  surfaces  being  preserved  for  a  distance, 
of  some  yards  from  the  Boulder-clay.     The  strise  where  nndeflect^ 
run  N.If  .E.-S.S. W.,  which  is  in  agreement  with  the  general  directioii. 
of  the  glaciation  on  that  part  of  the  coast.  .     ,; 


r    :  Lim€sto,ne 

,/Fi^.  WProftli^  of  Glu^tiid  ?it 
:  -The, rock  is  notiiiereiy  strfal^d^  butfurrbw^d,  atid  in  one  furtow' 
pledge  of  rock  facing  N.N.W.  is  undercut  so  as  to  overhatig  sottf^ 
2  or  4  inches,  the  slope  of  the  overhanging  surfftce>  being  aj^  much- 


-•'Pio.  ^.-^DBtXECTED  Glacial  StKr«,  Dwlbax  Pohst,  A>*cfLitsBY.'        * 

Tbe  normal  direciion  of  striation  is  that  of  a  line  joining'  the  snnall  ronnd  hbte  bii  the 
left  with  the  small  fissure  at  *  .  Boulder-clay  is  seen  in  the  background-;  Mid^ 
on  the  right,  part  of  a  Sandstone  plug  in  its  pit. 
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A.  J,  Jukes-Browne — Boring  through  Chalk  near  Dieppe.    ^5 

as  15^-80°  from  the  vertioaL  This  undercut  fiirrow  is  distinctly 
Anoothed  and  striated. 

The  trumpet-shaped  months  of  the  pits  described  in  the  foregoing 
paper  are  beautifully  ice- worn,  though  the  heads  of  their  sandstone 
plugs  are  for  the  most  part  rough  and  angular.  ^ 

The  stri»  are  deflected  on  parsing  across  the  mouths  of  the  pits. 
In  the  case  of  one  pit,  about  6  feet  in  diameter,  whose  profile  with  its 
ping  is  shown  in  Fig.  1,  the  striae  sweep  completely  round  in 
the  moat-like  hollow  surrounding  the  plug,  imtil  on  its  S.S.IIV. 
side  they  are  pointing  more  than  20°  N.  of  W.  These  deflected 
strisB  are  shown,  for  part  of  their  course,  in  the  photograph^ 
(Pig.  2).  On  the  broad  and  gently  convex  surface  of  Limestone 
jost  outside  the  hollow  they  have  the  normal  direction  S.  25^-30*^  W., 
so  that  the  deflection  in  the  ^pace  of  some  2  yards  is  nearly  90°. 

The  agent  which  produced  this  phenomenon  and  that  of  the 
andei:cut  furrows  must  have  adapted  itself,  it  would  seem,  fis 
a  practically  plastic  body,  to  every  irregularity  in  the  surface  of 
flie  Tock: 

A  Red  Clay,  somewhat  poor  in  stones,  restit  bpon  the  ice- worn 
surface,  forming  a  cliff  about  12  feet  high. 


TI. — NOTB  ON  A  BOBING  THROUGH  THE  ChaLK  AKD  QaULT  NEA^ 

•  Dieppe,' 

By. A.  h  Jujces-Browjib,  JB.A,,  F.G.S.  '  . 

THE  following  particulars  of  e^  boring  for  water  inade  at  Puy8,» 
near  Dieppe,  in  1898  have,  been  communicated  to  me  by 
UeiBsrs/  liegnind  and  Sutcliff,  and  aff  they  appear  to  indicate  a 
auccession  of  beds  veiy  similar  to  that  occurring  beneath  Dover,  tJbe^ 
preaent  seems  a  fitting  occasion  for  placing  on  record  a  brief  account 
of  the  boriog.  »    .      . 

,  Pays  is  a  small  village  less  than  a  mile  and  a  half  nort;h-east  of. 
the  enti-anoe  of  Dieppe  Harbour^  and  the  site  of  the  boring  is  at 
an  hotel  by  the  sea-shore,  the  well-mouth  being  hot  more'  than 
^0  yards  from  high- water  mark  and  about  45  feet  above  mean 
sea-level. 

The  beds  passed  through  by  the  boring  are  described  as  follows, 
the  thicknesses  being  given  in  metres  and  in  feet :  — 

Chalk  without  flints     ,.. 

Greeiuand  and  sandy  clay        

Gaoltclay         

Black  sand  and  pyrites,  passing  down 

into  clean  quartzpse  sand ...        ,..  11^        .;,  37|- 

211J  '  a93J 

>  For  this  photo^^ph  and  that  illustrating  the  preceding  paper,  as  well  as  for 
the  Umtem  slides  and  other  photographs  of  these  phenomena,  used  at  the  British 
Association,  I  am  indebted  to  Mr.  f,  Trevor  Owen,  M.A.,  Ueadmaster  of  the  County 
£«hool,  Camarron. 

'  An  abstaiict  of  only  the  first  part  of  this  paper  was  read  before  the  British 
Association  at  DoTier,  September,  1899. 


Metres. 

Feet, 

156 

bn\ 

2 

6l 

42 

..        137J 
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26    A.  J.  Juke^'Bi'Owne — Boring  through  Chalk  near  Dieppe. 

Aooording  to  the  diagrammatio  seotion  of  the  coast-line  given  by 
H6bert  in  1872,  Pays  stands  on  the  chalk  of  the  Holaster  p2afiti» 
zone,^  which  corresponds  to  the  lowest  part  of  the  flinty  chalk 
east  of  Dover.  Thus  the  chalk  traversed  by  the  boring  is  the 
equivalent  of  the  whole  of  oar  Lower  and  Middle  Chalk.  In  1875- 
Hebert  estimated  the  thickness  of  the  planuB  zone  near  Dieppe 
at  11  metres  (36  feet)  and  that  of  his  zone  of  Inoeeramue  laUa^ 
(our  zones  of  BhynchoneUa  Cuvieri  and  TerebrcUwUmi  gracilis)  at 
70  metres  (230  feet).  The  three  zones  taken  together,  therefore,  are^ 
estimated  at  266  feet,  and  if  we  deduct  this  from  the  511|  feet  of 
chalk  traversed  by  the  boring,  there  remains  245^  feet  as  the 
thickness  of  the  Lower  Chalk.  This  is  rather  a  greater  thickness 
than  might  have  been  expected  for  the  Lower  stage,  and  it  is* 
probable  that  the  Middle  Chalk  or  Turonian  is  rather  thicker  thaa 
H6bert  supposed.  As  a  matter  of  fact  he  measured  65  metres  of  it 
in  the  cliff  itself,  and  its  base  is  nowhere  exposed ;  hence  it  is  not  at 
all  unlikely  that  its  full  thickness  is  nearly  75  metres  (or  247|  feet),, 
and  in  this  caae  the  thickness  assignable  to  the  Lower  Chalk  will  be 
228  feet,  which  is  a  more  probable  amonnt 

The  two  metres  of  greensand  and  sandy  clay  at  the  base  of  the^ 
Chalk  probably  corresponds  with  what  we  know  as  the  Chloritic 
Marl  or  zone  of  Stawronema  Carteri.  This  has  a  thickness  of  about 
15  feet  at  Folkestone,  but  not  more  than  4  feet  near  Eastboame. 

As  nothing  of  the  nature  of  sandstone  or  *  gaize '  is  recorded  in 
the  boring,  we  may  assume  that  nothing  of  an  'Upper  Greensand ' 
character  is  present  below  Dieppe,  and  that  the  woe  of  AmmamUm 
roBtratuB  is  represented  by  clay  and  mart  aa  it  is  at  Wissant  and 
Folkestone.  This  is  interesting  as  showing  that  what  may  be  called 
the  Folkestone  facies  of  Oault  extends  as  fiur  a»  Dieppe,  which  i» 
about  78  miles  south  of  Fdkestone  and  rather  less  from  Wissant 

IfoDember  10. — Since  the  above  was  written  I  have  received, 
through  the  kindness  of  Monsieur  G.  DoUfus,  a  more  complete 
acoount  of  this  boring.    The  following  is  a  translation  :-« 


I 


P 


Ground  excavated 

White  marl  

Soft  white  marl 

Orevmarl 

White  marl  

Orey  marl  with  flints 

Hard  white  marl 

Hard  marl  (with  Imm'amus  labiattts) 

Orey  chalk  

Grey  chalk  with  flints      

Grey  chalk  

Greenish  sandr  clay  .      » 

^  Green  sandy  clay 

Black  clay  

Clayey  green  sand  


<  )  Grey  sand  ... 
^   I  fikck  sandy  chy 

>  Bull.  Soc.  G4ol.  France,  ser.  u,  toI.  xxix,  p.  686, 


ICKNB88. 

Dbptu. 

Metres. 

Mettes. 

2-75 

2-76 

69-25 

62-00 

4-25 

66-26 

•46 

66-70 

3*30 

70-00 

4-00 

74-00 

14*30 

88-30 

22-70 

111-00 

20-26 

131-25 

6-25 

137-60 

8-50 

146-00 

10-20 

166-20 

2-10 

168-30 

41-20 

199-60 

6-80 

206-30 

3-16 

209-45 

2-05 

2U-50 
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A.  J,  Jukes-Brawfie — Boring  through  Chalk  near  Dieppe.    27 

The  only  speotmen  seen  by  Mons.  Dollfus  was  one  of  a  hard 
ohalk  with  fragments  of  InoceramuB  lahiatm ;  this  he  is  inclined  Xa 
refer  to  the  Turonian,  but  as  the  species  also  oooars  in  the  highest 

Cirt  of  onr  Lower  Ohalk,  I  am  disposed  to  think  the  base  of  the 
iddle  Chalk  was  traversed  at  88-30  metres^  i.e.  289}  feet  He 
agrees  with  me  in  regarding  the  "  green  sandy  clay  "  as  the  base 
of  the  Cenomanian,  which  thus  has  a  thickness  of  229}  feet 

The  only  important  difference  between  the  account  furnished  to 
me  and  that  communicated  to  Mons.  Dollfus  is  in  regard  to  the 
lowest  beds,  for  it  seems  that  the  boring  passed  through  the  grey 
sand  at  209*45  metres  and  entered  a  black  sandy  clay.  It  is 
impossible  to  suppose  the  Yectian  sands  to  be  only  10  feet  thick 
below  Dieppe,  nor  is  it  likely  that  a  thick  bed  of  black  sandy  clay 
should  oocur  in  them ;  consequently  M.  Dollfus  believes  that  both 
the  sand  and  the  clay  belong  to  the  Gkult 

In  support  of  this  view  he  sends  the  particulars  of  another  boring 
recently  made  at  the  Ch&teau  d'Eu  in  the  valley  of  the  Bresle, 
about  16  miles  north-east  of  Dieppe.  Samples  and  fossils  from  this 
boring  were  seen  and  determined  by  H.  Munier-Ohalmas,  and  there 
is  consequently  a  much  greater  certainty  about  the  horizons.  The 
following  b  a  translation  : — 


Allnria  of  the  raUer  of  the  Bresle        

^  White  chalk  with  Rkjfne,  Cuvieri  

Finn  white  chalk  with  some  flints         

Chalk  withoot  flints,  some  hard  lamps 

Chalk  without  flints,  yery  sticky  

Orej  chalk  

Soft  yellow  chalk 

Grey  and  white  chalk,  in  hard  and  softer  beds 

I  alternating,  Inoc,  Miatus 

^  Grey  and  blue  aigillaceons  chalk,  with  Belewmite* 

Soft  white  chalk,  with  iroJk«(^ 

Grey  compact  chalk         

Marly  my  chalk 

Green]sn«grey  sandy  chalk  

Green  clayey  glauconitio  chalk 

^  Black  clay  with  jHoeeramas        

Greenish  quartzose  sand 

Black  and  green  sandy  clay         

Pore  green  sand 

Green  and  black  clay,  with  Amnumite$  awritut 
Mnd  Am.  tplendenM 

Greenish-grey  sand  and  sandstone         

Bed  of  greenish  sandstone  

Green  sand  with  large  grains  of  qoarts 

Black  sandy  clay 

,  Green  qnartzose  sand  (not  pierced)         


S 


Thickness. 

Dbpth. 

Metres. 

Metres. 

10-89        ,.. 

10-89 

8-61 

19-50 

11-90 

31-40 

16-70 

4810 

2-40 

60-50 

•88 

51-S8 

1-67 

5300 

17-46 

70-46 

8-12 

73-58 

8-62 

82-20 

3-42 

85-62 

22-38 

10800 

1618 

12418 

14-82 

139-00 

11-75 

150-76 

6-76 

15700 

1-60 

159-00 

1-60 

160-60 

2-60 

163-20 

2-90 

166-10 

•16        ... 

166-26 

1-54 

167-80 

I-IO 

168-90 

— 

171-80 

This  boring  is  Tory  interesting  in  several  ways.  In  the  first 
piaoe  tbe  base  of  the  Turonian  is  clearly  fixed  at  70*46  ni.,  and 
the  base  of  the  Cenomanian  at  139  m.  This  gives  a  thickness  of 
68-54  m.  C=  224'8'fe^t)  for  the  Cenomanian  or  Lower  Chalk,  thus 
fonoborating  my  interpretation  of  the  Dieppe  boring.  In  the  next 
piaoe  the  cnrions  alternations  of  black  ohiy  and  green  sand,  which 
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Evidently  belong  to  the  Upper  O&alt  (zone  ol  AmkumiteB  ro^traM), 
are  very  noteworthy. 

Lastly,  it  is  remarkable  that  these  sands  in  th^  Qault  should  yield 
an  abundant  supply  of  water.  In  the  case  of  the  Dieppe  boring  the 
water  jrose  to  about  12  feet  above  the  surfaoe,  and  at  Ea  it  rose  to  50 
£eet  above  the  surface  with  a  yield  of  750,000  litres  in  the  24  hour^.: 

The  beds  traversed  by  the  two  borings  may  be  summarized  thus :— . 

Dieppe.  ChAtbau  d'Eu. 

Feet.  Feet. 

Surfoce  deposits      ...        ...        ...            9F  ...  35-7 

Middle  Chalk         2803  ...  195'4 

Lower  Chalk,  with  Chloride  Marl 

at  the  base      ...        229-6  ...  2548 

Gault  (not  pierced)            ......        174-5  ...  1»7'6 


693-4  66a*4 


DiPROi'dnos  AUSTRALis,     Fo^aiL  Eemains   op  Lake  Callabonka. 

'  ^  Part  I :  Description  of  tke  Matms  and  Pes  of  Diprolodoh  aMiraltB. 

By  E.  C.  Stirling,  O-M.G.,  F.U.S.,  etc/alnd  A.  H.  C.^Zietz,  F.L.S. 

n^HIS  lavishly. illustrated  memoir  oontains  the  first  instalment  of  the 
X  desenption  of  the  reniarfcable  series  of  skeletons  of  Diprotodon 
discovered  'sOme  yea^s  ago  in  the  dried-up  bed  of  Lake  Callal>oi^na 
in  South  Ajii^tralia.  'A  brief  agcpuut  of  the  discovery  was  publishect 
in  Nature  (v4)l.  l,  1894,  pp.  IS^.aii.l  206)  by  Professor  Stirling,  a|id 
a  description  of  the, remarkable  bird -remains  from  the  same  locality 
has  also  appeared.   *  •  •'.      **;•      '  i      : 

The  pres,ent  memoir  deals  with  the  structure  of  the  fore  flkrtd  hind 
feet,  which,  are  almost  the  only  impoitant  parts  of' tlie  skeleton  not 
described  by  Owen.  The  collections- included  a  considerable  number 
of  more  or  less  complete  feet,  &o'  that  the  Author^  have  be^n  able  not 
only  to  describe  ia  great  detail  the  separate  booes,  but  also  to  give 
restorations  of  the  hianus  and .  pes,  .both  of  which  exhibit  some, 
remarkable  characters.     •  , 

The  fore-foot  possessed  five  complete  digits,  of  which  Jhe  fifth  ie 
the  largest;,  the  fifth  metacarpal  has  a  broad  flange-like  e^cpansiOA 
on  its  outer  side.  The  pisiform  bears' more  than  half  the  articular, 
surface  for  the  ulna.         * 

The  hind-foot  also  possesses  five  digits,  but  the  first  consists  of 
the  metatarsal  only.  The  second  and  third  digite  are  extremely, 
slender,  the  foui-th  only  a- little,  stouter,  but  the  .fifth  is  very  much 
thicker,  the  metatarsal  bearing  a  great  flainge-like  expansion.  The 
whole  foot  is  a  mostretoarkable  8tru<Jture,'b<it,  altho^gji  i^n^deirably 
modified  On  account  of  the  g,i*eat  weight  it  had  tQ-btaiV^^tlR  retains 
distinct ni&i^upial eharactei*8.  .      .       '.■■.    :.     .  '?  ^  '•,  :  •  •         -    : 

:  The  general  Gonolusions  arrived  at  by.thera^Ua^s  <ti:e.a8  foljk^^:-^ 

/'*  Marsupial. characters iaro  eviident  iii.^hp»^)|Ttihfi!n^ftiiufiitod'peai€f> 
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''So  far  as  the  individnal  oonstitiient  bones  are  ooncerned 
tbej  present  resemblanoes  to  their  homologous  parts  in  both  the 
PhalangeridsB  and  the  PhasoolorajidsB,  but  the  approximation  to  the 
former  is,  on  the  whole,  greater  than  to  the  latter. 

**  On  the  other  hand,  regarding  the  feet  as  a  whole,  they,  in  their 
shape  and  proportions  as  well  as  in  the  character  and  degree  of 
the  attenuation  of  the  second  and  third  digits  of  the  pes,  are  more 
leadily  comparable  to  these  members  in  the  Phascolomyidse. 

**  With  the  more  specialized  pes  of  the  Maoropodi<l8d,  comparison 
of  that  of  DiprotodoH  yields  scarcely  any  points  of  resemblance, 
except  in  so  far  as  the  character  of  the  degradation  of  the  hind- feet, 
similar  in  kind  but  varying  in  degree,  a£fords  evidence  of  the 
marsupial  nature  of  both." 

The  memoir  is  excellently  illustrated  by  a  series  of  eighteen  very 
good  photographic  plates,  including  two  of  the  restored  manus 
and  pes. 

I^  m  -V"  I  E  ^W^  S. 


L— FosBiL  Eadiolaria.    By  Dr.  G.  J.  Hindk,  F.R.S.,  F.G.S. 

1.  "Note  on  some  Radiolarian  Chert  from  the  South  Uplands  of 

Scotland  " :  Quart.  Joum.  GeoL  Soa,  vol.  xlvi  (1890),  Proa, 
p.  Ill,  and  Ann.  Mag.  Nat.  Hist,  ser.  vi,  vol  vi  (1890), p.  40. 

2.  ''Note  o\i  the  Radiolaria  in  the  Mullion  Island  Obert"     By 

G.  J.  Hinde,  Ph.D.,  V.P.G.S.  Quart.  Joum.  Geol.  Soo., 
Tol.  xlix  (1893),  pp.  215-218,  pL  iv. 

3.  "  Note  on  a  Radiolarian  Rock  from  Fanny  Bay,  Port  Darwin, 

Australia."  By  George  Jennings  Hinde,  Ph.D.,  V.P.G.S. 
8vo;  pp.  221-226,  pi.  iv.  Quart  Joum.  GeoL  See,  vol  xlix 
(1898}. 
i.  ''  On  a  well-marked  Horizon  of  Radiolarian  Rocks  in  the  Lower 
Culm-measures  of  Devon,  Cornwall,  and  West  Somerset'^ 
By  G.  J.  Hinde,  Ph.D.,  F.R.S.,  F.G.S.,  and  Howard  Fox,  Esq., 
F.G.S.  8vo ;  pp.  609-667,  pis.  xxiii-xxviii.  Quart  Joum. 
GeoL  Soc.,  vol.  li  (1895).  Supplementary  Note,  etc.,  IVans. 
Devon  Assoc,,  vol.  xxviii  (1896),  pp.  774-789. 

5.  *«  On  the  Radiolaria  in  the  Devonian  Riocks  of  New  South  Wales.'^ 

By  G.  J.  Hinde,  Ph.D.,  F.RS.,  F.G.S.  8vo;  pp.  88-68, 
pis.  viii  and  ix.     Quart.  Joum.  G^l.  Soc,  vol.  Iv  (1899). 

6.  ''On  Radiolaria  in  Chert  from  Chypon's  Farm,  Mullion  Parish, 

Cornwall."  By  Geoi^  Jennings  Hinde,  Ph.D.,  F.R.S., 
F.G.S.  8vo;  pp.  214-219,  pi.  xvL  Quart  Joum.  Geol. 
Soa,  vol.  Iv  (1899). 

7.  ''Description  of  Fossil  Radiolaria  from  the  Rocks  of  Central 

Borneo."  By  Dr.  George  J.  Hinde.  4to;  86  pp.,  with  4  plates. 
(E.  J.  Brillt  Leyden;  and  H.  Gerlings,  Amsterdam  :  1899.) 

AMONG  the  various  minute  aquicitic  organisms  that  have  persistent 
stmctore  within  or  without  their  bodies,  several  kinds  have 
heen  recognized  by  naturalists,  with  more  or  less  exact  discrimination, 
since  natural  history  became  a  definite  study,  after  the  dark  ages  of 
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tnedisBTal  ignorance  had  cleared  away.  Thus  the  relatively  large 
'  water-fleas '  of  streams  and  ditches,  and  the  sand-like  '  ammonites ' 
of  the  Adriatic,  were  ohjects  of  curiosity  for  some>  and  the 
Diatomaceaa,  mistaken  for  Infusoria,  were  before  long  carefully 
studied,  from  both  fresh  and  salt  waters.  So  also  the  spicules  of 
Sponges  were  noticed,  classified,  and  figured.  Together  with  some 
of  the  foregoing,  in  either  a  recent  or  fossil  state,  other  minute 
organisms,  of  great  beauty  in  their  delicacy  and  symmetry,  had  been 
met  with,  but  their  real  place  in  nature  was  not  determined  until 
within  fifty  years  ago.  These,  when  alive  in  the  sea,  have  a  jellyr 
like  body,  invested  or  supported  by  a  complex  but  delicate  and  often 
elegant  framework  of  meshes  and  spicules,  mostly  siliceous.  Johannes 
Milller,  of  Berlin,  indicated  their  true  alliance  by  grouping  them  as 
''  Khizopoda  Radiaria  seu  Radiolaria,"  in  1858. 

These  attractive  little  organisms  were  known  to  exist  in  the  Medio 
terranean  and  other  seas,  and  to  be  fossil  in  thick  strata  at  Barbadoee 
and  elsewhere.  During  the  Voyage  of  the  '*  Challenger  "  in  1873-6, 
they  were  found  to  constitute  a  large  percentage  of  the  ooze  over 
extensive  oceanic  areas.  After  long  study  of  these  organisms. 
Dr.  E.  Haeokel,  determining  their  essential  characters  and  modifica- 
tions, classified  them,  with  descriptions  and  illustrations,  in  his  ''Die 
Kadiolarien,"  1862,  and  the  ''Report  of  the  Scientific  Results  of  the 
Voyage  of  the  *  Challenger  *  during  the  years  1873-76  " :  Zoology, 
vol.  xviii,  3  parts  (1887). 

The  nuclear  or  medullary  body,  with  its  enclosing  membrane  or 
open-worked  shell,  either  central  or  at  one  end  of  the  axis,  is 
enveloped  with  a  protecting  (cortical)  sarcode,  which  extrudes 
pseudopodia,  and  in  many  cases  is  strengthened  and  invested  by 
spicules,  meshes,  and  radial  spines,  usually  of  silex,  and  of 
manifold  form  and  arvangement  The  persistent  forms  are  usually 
regarded  as  belonging  to  the  '  Polycisttna '  of  Ehrenberg  and  Miiller. 
(Polycisixna  =  many  baskets  ;  Pohjcystina  =  many  bladdera ;  used 
sometimes  indifferently.) 

In  the  case  of  those  that  have  no  shell,  and  those  in  which  the 
radial  spines  are  not  composed  of  hard  silica,  there  is  little  or 
nothing  left  in  the  fossil  state.  Otherwise  numerous  individuals 
remain  more  or  less  perfect  in  vanous  rocks  of  the  Palsdozoio, 
Mesozoic,  and  Csdnozoic  formations.  They  mostly  present  "either 
simple  or  concentric  latticed  shells,  some  with  relatively  long  radial 
spines ;  and  they  are  similar  in  character  to  recent  Radiolaria,  and 
probably  referable  to  the  same  genera  as  the  latter." 

However  much  modified  in  the  individuals  of  different  groups, 
yet  the  inner  or  nuclear  .capsule  and  the  outer  capsular  investment 
(calymma)  may  be,  their  essential  character  is  always  recognizable. 
The  spicules  in  the  naked  forms  of  the  Spumellaria,  and  the  haid 
parts  of  the  other  groups,  constitute  subsidiary  evidences  of  the 
generic  and  specific  differentiation* 

In  these,  as  in  other  low  forms  of  life.  Nature  is  so  lavish  of  her 
productive  power  in  the  multiplicity  and  almost  endless  variations 
of  growth,  that  at  first  sight  it  seems  to  be  impossible  to  find  th^ 
clue  to  the  apparent  entanglement  of  structural  peculiarities  in  th^ 
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investments  and  their  bizarre  outgrowths.     The  clue,  however,  as 
noted  above,  is  afforded  by  the  inilermost  organ. 

This  is  itself  lost  to  the  geologist,  but  its  latticed  capsule,  and 
the  radial  spines  which  partly  form  the  transverse  bars  and  beams 
of  the  whole  organism,  may  have  remained,  more  or  less  imbedded 
in  limestones,  shales,  and  sandstones,  probably  altered  into  marbles, 
schists,  and  quartzites.  Indeed,  many  fine-grained  siliceous  rocks 
now  appear  to  have  resulted  from  Radiolarian  ooze  itself. 

In  comparing  the  fossil  and  the  recent  specimens,  the  student  has 
to  recollect  that  the  general  form  is  either  globular,  ellipsoidal,  or  like 
vases,  caps,  umbrellas,  discs,  irregular  stars,  chambendd  cones,  etc., 
all  perforate,  fenestrate,  or  reticulate,  with  the  meshes  lengthening 
out  into  spines  on  the  surface  or  at  the  edges.  The  radial  rod-like 
spines,  whether  or  not  beginning  in  the  middle  of  the  nuclear  lobe, 
are  often  united  by  branching  spicules  at  or  near  the  surface  of  the 
calymma,  and  similarly  become  involved  in  the  outer  lattice-shell. 

In  the  Spumellaria  the  skeleton,  if  present,  consists  of  either  pure 
silica  or  of  a  peculiar  silicate  (silicate  of  carbon  ?) ;  the  rods  are 
solid,  as  in  the  Nassellaria,  and  do  not  begin  in  the  centre.  In  the 
Aoantharia  the  rods  begin  in  the  centre,  and  consist  of  acanthin.  In 
the  Nassellaria  the  skeleton  is  siliceous ;  the  rods  are  solid,  usually 
monaxial,  and  belong  to  the  outer  capsule  (calymma).  In  the 
Phssodaria  the  skeleton  consists  of  a  silicate,  and  belongs  to  the  outer 
capsule. 

Radiolaria  from  strata  of  Tertiary  age  have  been  examined  by 
many  observers.  Some  are  figured  by  Ehrenberg,  who  gave  neatly 
executed  drawings,  but  did  not  otherwise  advance  our  scientific 
knowledge  of  these  microzoa.  In  his  *'  Mikrogeologie,"  1854,  some 
Radiolaria  appear  (as  *Polycystina*)  from  Tertiary  beds  at  ^gina, 
Zante,  and  Galtanisetta,  Sicily.  These  are  noted,  as  to  their 
geological  age,  in  the  Ann.  Mag.  Nat.  Hist,  ser.  iv,  vol.  ix  (1872), 
pp.  228,  225,  and  228. 

Messrs.  Jukes-Browne  &  Harrison,  treating  of  the  siliceous  rocks 
of  Barbados  (Quart  Journ.  (Jeol.  Soc,  vol.  li,  1892,  pp.  193-4),  refer 
to  HaeckeFs  statement  that  many  of  the  Barbadian  Radiolaria  ai*e 
not  known  in  the  modem  oceanic  ^ze,  and  that  about  25  per  cent 
of  those  fossil  forms  are  present  in  the  ooze.  These  results  are  taken 
as  determining  a  Pliocene  age  for  the  West-Indian  siliceous  strata 
Teferred  to. 

Cretaceous  Radiolaria  have  been  freely  studied  ;  for  instance,  by 
Riist  1888 ;  Zittel,  1888 ;  Pemet,  1891 ;  Fntsch,  1893  ;  Hill  &  Jukes- 
Browne,  1895 ;  and  Cayeux,  1897.  They  have  not,  however,  been 
folhr  classified  and  strictly  compared  with  other  faunas. 

Jorassic  Radiolaria  are  JuM>wn  chiefly  from  Dr.  Rtisf's  Memoir  in 
the  ''Palasontographioa,''  vol.  xxxi  (1885). 

M.  Lnden  Cayeux'  has  compiled  a  table  of  the  geological 
eoearrence  of  Radiolaria  of  Mesozoic  and  earlier  date,  in  which  he 
refers 

'  "  Gontribation  k  I'^iiide  micrographique  dee  Terrains  sddimentaires,  etc.**  (4to, 
liDe,  1887),  p.  206.  The  Cretsoeous  Bsdiolaria  of  France  and  Belgium  ar^  dealt 
^ntk  at  pp.  185-206  and  460-462,  ph.  vii  and  Tiii. 
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{Spfaseroidea  to  the  Pre-Cambrian,  Silnrian,  Devonian,  and  Senonian^ 
Ptunoidea  to  the  Silurian,  Devonian,  Carboniferous,  Permian?,  and 
Senonian. 
Discoidea  to  the  Silurian,  Devonian,  Permian,  and  Jurassic. 
Nassbllaria  {  ^y^^**®*  ***  *^®   ^^  •  Cambrian,   Devonian,   Carboniferous,  and 
(         Senonian. 

These  results  differ  somewhat  from  those  given  in  this  notice  of 
Dr.  Hinde's  Badiolarian  researches. 

Dr.  G.  J.  Hinde,  whose  important  memoirs  descriptive  of  Radio- 
larian  rocks  from  different  parts  of  the  world  are  enumerated  at  the 
head  of  this  article,  noticed  in  1890  some  chert  beds,  composed 
mainly  of  Radiolaria,  from  the  South  Uplands  of  Scotland  (in 
Lanarkshire  and  Peebleshire),  belonging  to  an  Ordovician  formation 
equivalent  to  tlie  Llandeilo-Caradoc  series  of  Wales,  and  in  which 
the  late  Dr.  H.  A.  Nicholson  had  already  observed  these  microzoa. 

In  1893  Dr.  Hinde  determined  two  genera  of  the  Order  Spliaeroidea, 
and  three  of  Prunoidea,  in  the  chert  of  MuUion  Island  off  the  Lizard 
Peninsula,  Cornwall,  and  suggested  that  they  may  be  of  the  same 
age  as  the  Ordovician  cherts  of  Scotland. 

In  the  same  year,  examining  a  siliceous  rock  from  Fanny  Bay, 
Port  Darwin,  Noi*thern  Australia,  he  found  one  genus  of  Prunoidea, 
five  genera  of  Discoidea,  and  three  of  Cyrtoidea. 

In  1895  Dr.  Hinde  found  in  the  cherts  of  the  Lower  Culm- 
measures  of  Cornwall,  Devon,  and  West  Somerset,  one  genus  of 
Beloidea,  eight  genera  of  Sphaeroidea,  three  of  Prunoidea,  seven  of 
Discoidea,  and  four  of  Cyrtoidea.  Of  these  twenty-three  genera, 
"twenty-one  have  been  previously  determined  from  the  Palasozoio 
formations  of  this  country  and  the  continent";  and  of  these,  seventeen 
have  been  determined  by  Dr.  Riist  from  the  Culm  of  Grermany,  Sicily, 
and  Russia. 

In  the  same  year  Dr.  Hinde  examined  some  Radiolarian  rocks  of 
Devonian  age  from  New  South  Wales,  namely,  siliceous  daystones 
and  shales,  volcanic  tuff,  and  chert  from  Tam worth,  also  jaspery 
cherts  with  few  and  badly  preserved  Radiolaria  from  Bingera, 
Barraba,  and  Jenola  Caves.  Although  some  associated  C'Orals 
indicate  a  Devonian  age,  the  Tamworth  Radiolaria  correspond  on 
the  whole  with  those  from  the  Ordovician  (Lower  Silurian)  phos- 
phorites and  siliceous  shale  of  Cabri^res  and  Languedoc,  described 
by  Rvist  ("  Palseontographica,"  vol.  xxxviii,  1892),  and  those  of  the 
South  Uplands  of  Scotland,  of  corresponding  age  (Hinde,  p.  60)* 
The  apparent  absence  of  Cyrtoidea  distinguishes  this  from  Mesozoic 
and  Tertiary  faunce;  the  predominating  forms  being  Sphsoroidea, 
with  medullary  tests  and  radial  spines.  The  Cyrtoidea  were  either 
not  represented  or  by  a  small  minority  in  the  earlier  deposits. 
.  '.  The  Tamworth  Radiolaria  are : — 


Genera. 

Species. 

BeUndea^         

1 

•.•        . 

..         1 

Spharoidea 

14 

... 

28 

Pt-ufioiden      ... 

4 

...        . 

7 

Diicoidea        

8 

...        . 

12 

riectoidea       

2 

•••        • 

6 

29  64 
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The  Ordovioian  ohert  of  Chypon's  Farm,  in  Mullion  parish, 
oontinuoiis  ^ith  the  Eadiolarian  chert  of  Mulh'on  Island,  was 
examined  in  1899,  and  yielded  :  Spbasroidea,  3  genera  (with  3 
species) ;  Prunoidea,  3  genera  (6  species) ;  and  Discoidea,  1  genus 
(1  species). 

Dr.  Hinde's  latest  memoir  on  Badiolaria  has  been  prepared  as  an 
Appendix  for  the  "  Geology  of  Central  Borneo,"  to  be  published  by 
Professor  Dr.  G.  A.  F.  Molengraaf,  of  the  Dutch  Exploring  Expedi- 
tion, in  1893-4.  In  his  Introduction  Dr.  Hinde  describes  thu 
outcrops  and  general  character  of  the  Eadiolarian  rocks  under 
notice,  namely,  jaspers,  cherts,  hornstone,  and  diabase  tuff.  Their 
local  occurrence  in  the  siliceous  roclcs  and  in  the  tilkfifs,  and  the  dis- 
tribution of  these  fossil  Badiolaria  in  other  countries,  are  indicated 
in  the  table  at  pp.  41-16,  and  treated  in  detail  in  the  text : — 

Genera.  Species. 

Beloidea         1         1 

SphtBroidea 6        17 

Fi-unoidea       6         12 

DUeoidea        6         16 

Cyrtoidea       13        64 
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These  rocks  are  stated  to  underlie  strata  of  Oenomanian  age, 
and  they  seem  to.  belong  either  to  the  latest  Jurassic  or  the  earliest 
Cretaceous  age,  as  is  the  case  also  with  the  Eadiolarian  cherts  and 
jaspers  of  the  Coast  Eange  in  California. 

.  Great  services  hare  been  rendered  to  geology  by  Dr.  Hinde's 
elucidation  of  the  relics  of  some  very  obscure  Invertebrata,  in  his 
successful  studies  of  the  Silurian  Conodonts,  of  Sponges  of  every 
group  and  age,  aud  now  of  PalsBOzoic  and  other  Eadiolaria.  He  has 
thus  indicated  how  the  relative  age  of  many  rocks  may  be  deter* 
mined  by  the  evidence  of  several  kinds  of  microscopic  fossils. 


II. — Hbucopbion — Spine  oe  Tooth? 

"Ueber  die  Eeste  von  Edestiden  und  die  neue  Gattung  HeUcoprion,** 
By  A.  Earpinsky.  Verhandl.  k.  russ.  min.  Qes.  St.  Petersburg, 
sen  II,  vol.  xxxvi,  No.  2,  with  4  pis.  and  72  text-figs.  (1899). 

"PALAEONTOLOGISTS  are  indebted  to  the  eminent  Director  of 
X  the  Imperial  Eussian  Geological  Survey  for  one  of  the  moat 
exhaustive  memoirs  on  a  fossil  ever  published.  Dr.  Karpinsky's 
description  of  the  strange  '  ichthyodorulite,'  Helicoprion,  is  a  model 
of  what  such  a  work  should  be— thorough  from  every  point  of  view,, 
^logical,  chemical,  and  biological.  It  is,  moreover,  illustrated  by 
exquisite  plates,  besides  numerous  text-figures,  representing  not 
only  the  outward  form  of  the  problematical  fossils  dealt  with,  but 
also  every  feature  of  theij;  microscopical  stnioture, 

HelicQpriim,  to  a  superficial  observer, .  looks  much  like  an 
tomonite;  but  on  closer  inspectipn  it  is  easily  recognizable  as 
1^  spiral  consisting  of  teeth,  firmly  fixed  together  by  their  bases. 
I'r^B^meats  of  a  onpri^  or,  kas^^imnar  spiral  iave  already  beeu 
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described  under  the  name  of  EdfiuB  from  Carboniferous  strata  in 
North  America,  Russia,  and  Western  Australia;  but  no  specimens 
at  all  approaching  the  two  best  of  the  fossils  now  made  known 
by  Dr.  Earpinsky  have  hitherto  been  discovered.  The  rival  theories 
by  which  Edestua  has  been  sometimes  ascribed  to  the  jaws,  some- 
times to  the  external  dermal  armour  of  a  shark  or  skate,  can  thus 
be  discussed  again  in  the  light  of  important  new  facts.  If  the 
Edestidce  must  still  remain  as  Elasmobranchs  of  uncertain  zoological 
position,  the  memoir  before  us  at  least  makes  great  accessions  to 
our  knowledge  of  the  essential  points  in  the  structure  of  their 
so-called  segmented  spine. 

The  new  fbssils  forming  the  subject  of  the  memoir  were  discovered 
by  Mr.  A.  Bessonow  in  the  Permo-Carboniferous  (Artinsk  Series), 
near  Krasnoufimsk,  in  the  Oovemment  of  Perm.    They  comprise 
/P  t*v  /  two  nearly  complete  spirals  from  0*238  m.  to  0*260  m.  in  diameter, 
/  besides  three  fragments,  and  were  sent  by  their  discoverer  to  the 
/    Museum  of  the  Imperial  Geological  Survey,  St.  Petersburg.     The 
ends  of  both  spirals  are  incomplete,  but  both  exhibit  approximately 
^  C  3^  whorls,  all  in  one  plane  and  apparently  bilaterally  symmetrical. 
The  segments  or  teeth  of  the  central  whorls  are  relatively  very 
small,  but  they  rapidly  increase  in  size  towards  the  periphery,  and 
f  are  largest  at  the  free  outer  end.    In  one  specimen  136,  in  the  other 
(-  specimen  146  segments  are  preserved  or  indicated.    The  segments 
resemble  those  of  the  typical  species  of  Ede$Ua  in  all  respects, 
except  that  the  enamel  extends  far  down  the  middle  of  the  side  of 
the  base,  and  there  is  a  notch  at  the  inner  extremity  of  the  base. 
These  two  features,  together  with   the  remarkable  extent  of  the 
spiral,  are  rightly  judged  by  Dr.  Earpinsky  to  be  the  marks  of 
a    distinct    genus,   which   he    names   Helicoprion*      All   the    new 
specimens  are  placed  in   a  single   species,   named  H.  BesBoncm 
after  their  discoverer.     Edestus  DavtHy  H.  Woodw.,  from  the  Car- 
boniferous of  Western  Australia,  is  provisionally  referred  to  the 
same  new  genus. 

After  a  detailed  description  of  the  general  characters  of  tiiese 
remarkable  fossils.  Dr.  Earpinsky  illustrates  their  microscopical 
structure  by  a  series  of  beautifully  prepared  sections.  They  are 
shown  to  consist  of  vaso-dentine,  without  any  trace  of  bone-oells ; 
and  the  superficial  enamel  seems  to  be  the  ordinary  gano-dentina 
or  vitro-dentine. 

Chemical  analyses  by  Mr.  B.  Earpow  are  also  discussed,  and  the 
conclusion  is  arrived  at  that  the  fossil  itself  consists  chiefly  of 
a  substance  closely  resembling  apatite.  . 

Two  or  three  of  the  specimens  exhibit  numerous  small  granules 
over  and  around  the  bases  of  the  segments.  These  are  next 
treated  in  great  detail,  and  the  description  is  again  illustrated  by 
beautifol  microscopical  preparations,  of  which  figures  are  given. 
Dr.  Earpinsky  regards  these  granules  as  shagreen  or  placoid  scales, 
though  he  finally  admits  that  he  does  not  know  shaken  granules 
of  precisely  ihe  same  structure  in  any  other  Elasmobranchs.  In 
our  opinion  they  are  net  dermal  structared,  but  the  well-known 
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granular  oaloifioations  of  Elasmobranch  cartilage,^  whiuh  are  often 
mistaken  for  shagreen  by  palasontologists. 

Having  described  the  new  fossils  and  determined  their  generic 
and   specific  characters,    Dr.   Earpinsky  concludes  with    a   most 
exhaastive  discussion  of  their  true  nature,  which  is  facilitated  by 
the  concise   sketch  of  our  previous  knowledge  of  Edestm,  given 
as  an  IntToduction  to  the  memoir.      He  regards  four  results  as 
established :    (i)   that  Heltcoprton  belongs   to  an   Elasmobranch ; 
(ii)  that,  the  bases  of  all  the  segments  of  the  spiral  were  embedded 
in  the  soft  parts  of  the  fish ;   (iii)  that  the  spiral  must  have  been 
situated  in  the  vertical  median  plane  of  the  fish ;   and  (iv)  that  the 
whole  of  the  spiral,  except  the  large  end,  must  have  been  exposed. 
In  a  diagrammatic  sketch  he  represents  the  problematical  fossil  asi 
originating  in  the  upper  jaw,  and  curling  forwards  and  upwards  sol 
that  the  spiral  forms  a  terrible  weapon  above  the  snout.     On  this] 
supposition,  each  individual  would  possess  only  a  single  weapon  off 
the  kind. 

In  connection  with  the  last-mentioned  circumstance,  it  would  be 
interesting  to  know  whether  the  five  examples  of  Selieoprion 
discovered  in  the  quarry  near  Erasnoufimsk  were  found  close 
together  at  one  time,  or  whether  there  is  any  other  evidence  of 
their  natural  association.  For  a  recent  discovery  by  Dr.  Traquair 
in  the  Lower  Old  Red  Sandstone  of  Turin  Hill,  Forfarshire,^  proves 
undoubtedly  that  there  were  Palseozoic  sharks  with  sharp,  piercing 
teeth,  which  were  never  shed,  but  became  fused  into  whorls  as  the  \ 
animal  grew.  If  he  be  correct,  the  teeth  in  these  Lower  Devonian  ' 
sharks  even  formed  spirals;  for  he  considers  that  the  so-called 
OnyehoduM  anglicus  from  Ledbury,  figured  in  the  Brit  Mus.  Oatal. 
Foss.  Fishes  (pt.  ii,  pi.  xv,  fig.  1),  truly  belongs  to  the  same  Elasmo- 
branch genus  as  the  head  from  Forfarshire.  It  is  well-known  that 
the  crushing  dental  plates  in  the  Elasmobranch  Oochliodontidso 
sometimes  became  considerably  in-rolled  at  the  outer  margin  where 
they  could  not  break  away.'  The  discovery  of  Elasmobranchs  with 
cutting  or  piercing  teeth  similarly  disposed  is  therefore  not  surprising. 
The  fact  that  the  known  specimens  of  Edestm  and  Heltcoprton  are 
bilaterally  symmetrical  does  not  necessarily  relegate  them  to  the 
median  line,  if  they  happen  to  be  whorls  of  teeth ;  for  several  of 
the  anterior  rows  of  teeth  in  the  living  CMamydoaelache  exhibit 
essential  bilateral  symmetry.*  Moreover,  it  may  be  remarked  that 
the  possibility  of  EdestuB  and  HeUcoprion  being  whorls  of  teeth  from 
the  month  is  not  negatived  by  the  absence  of  lateral  facettes  or 
marks  of  oontaot  with  adjoining  whorls :  they  may  have  been  well 
separated,  as  in  the  existing  shark  just  mentioned.    The  conception 

>  Gompne  figures  by  WHliauuon,  Phil.  Trans.,  1851,  pi.  xxx,  fig.  29  ;  and 
A.  PiitseV  '<  Aona.dear  QaskoUe,''  toL  ii  (1889),  p.  101,  figs.  178,  180. 

'  E.  H.  Traquair,  *< Notes  <m  Palaeozoic  Fishes^' :  Ann.  Mag.  Nat.  Hist.  [7], 
Td.  ii  (1898),  p.  69  {Thytodus  $eotieu8,  E.  T.  Newton,  sp.). 

»  E.i.  CoehHottitt  contortus,  Ag. :  J.  W.  Davis,  Trans.  Roy.  Dublin  Soc.  [2], 
>oL  i  (1888),  pL  lii,  figs.  4a,  6. 

*.S.  Gantan:  BvU.MUi.Comp,  Zool,  Harvard  Univ.,  vol.  xii,  No.  1,  p.  6,  pi.  ii. 
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of  ^  gigantic  shark  armed  in  both  jaws  with  several  series  of  teeth 
like  those  now  described  under  the  name  of  Relicoprion  is,  indeed, 
sufficiently  startling ;  but  it  seems  to  us  more  likely  to  be 
realized  than  the  hypothesis  which  Dr.  Earpinsky's  most  interesting 
researches  have  led  him  to  propose.  A.  S.  W. 


IIL — Fauna  der  Gaskohlb  und  dkr  Ealkstbine  deb  Peem- 
FORMATioN  B5HEMS,  von  Dr.  Ant.  Fritsch,  F.R.Q.S.  Bd.  iv. 
Heft  1,  Myriopoda,  Pars  1  ;  and  Bd.  iv,  Heft  2,  Myriopoda, 
Pars  2,  Arachnoidea.  4to ;  pp.  1-32  and  33-64,  pis.  cxxxiii-cxliv 
and  cxlv-cliii.     (Prague,  1899.) 

THE  progress  of  this  important  work,  dealing  with  the  fauna  of 
the  Gas-coal  of  Bohemia,  has  been  noticed  from  time  to  time  in 
the  Geological  Magazine.  In  the  fourth  volume  the  author  com- 
mences the  description  of  the  Articulata  of  the  Permian  formation. 
There  is  little  to  say  concerning  the  Hexapoda,  or  Insects  proper ; 
three  species  of  Fhryganea  are  recorded  as  evidenced  by  the  cases  of 
the  larvsd  of  the  Oaddis*fly,  and  some  fragments  of  the  wings  of  the 
adult  insect.  Of  Orthoptera  (Cockroaches)  he  describes  Etoblaitina 
£ohemiea,  Arthroblattina  Zuhnensis,  and  two  others,  chiefly  from 
wings,  and  three  insects  of  uncertain  determination. 

Pages  13  to  65  of  the  two  parts  are  occupied  with  descriptions  and 
figures  of  the  wonderful  series  of  Myriopoda,  of  which  no  fewer  than 
/  thirty-four  species  are  enumerated,  some  being  smooth  unspined 
forms  like  the  modern  JtUus,  others  armed  with  rows  of  powerful, 
curved  and  branched  spines  (each  compound  or  double  division  of 
the  body  bearing  two  pairs  of  legs),  well -developed  tracheae,  a  head 
furnished  with  compound  and  simple  eyes  (ocelli),  and  one  pair  of 
antennsB. 

Such  forms  of  centipedes  have  long  been  known  from  the 
Carboniferous  Series,  both  in  England  and  America.  The  earliest 
record  of  the  discovery  of  terrestrial  Arthropods  from  the  Coal- 
measures  of  Fngland  was  made  by  the  late  Rev.  P.  B.  Brodie  in 
1845,  in  his  "  History  of  Fossil  Insects."  In  this  work  Professor 
Westwood  states  that  he  regarded  the  organism  (which  we  now 
know  to  be  part  of  a  gigantic  spiued  Myriopod)  as  the  remains  **  of 
some  large  Caterpillar  furnished  with  rows  of  tubercles."  The  late 
J.  W.  Salter  in  1863  described  a  similar  fossil  from  the  Clay^ 
ironstone  of  the  Sta£fordishire  Coalfield  under  the  name  of  FurypteruB 
(Arthropleura)  ferox,  and  referred  to  it,  as  a  most  curious  crustacean 
fragment,  part  of  the  spined  abdomen  of  a  Eurypterua,  Messrs. 
Meek  &  Worthen,  in  their  Geological  Survey  of  Illinois  (1868), 
were  the  first  who  correctly  recognized  these  fossils  from  America 
as  the  remains  of  gigantic  spined  Myriopods.  Similar  forms  have 
since  been  described  by  Scudder  in  America  and  Dr.  Woodward  in 
England  (see  Geolooioal  Magazine,  1887). 

Numerous  illustrations  are  given  in  the  text  to  show  the  character 
and  arrangement  of  the  rows  of  branched  spines  upon  the  sides  of 
the  dorsal  surfisuse  of  the  segments,  the  traohsdal  openings,  the  jointed 
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legs,  the  form  of  the  head,  the  compound  eyes,  the  ocelli,  the 
uDtennsB,  and  the  jaws.  Nineteen  plates  are  likewise  devoted  to  th^ 
illustration  of  the  various  forms  of  these  curious  Myriopods,  giving 
full  detail  of  their  structure  and  ornamentation.  One  form  of  King- 
crah  is  also  described  under  the  naraeof  ProUmtdus  Woodwardi  (Fritsoh). 
The  shales  in  which  these  remains  abound  are  pyritous,  and  the 
fossils  in  them  very  rapidly  perish.  In  order,  therefore,  to  rescue 
the  evidence  of  these  organisms  from  destruction,  the  author  has  hit 
upon  the  idea  of  making  electrotypes  of  all  the  important  specimens, 
which  thus  become  permanent  records  in  the  Prague  Museum.  This 
iM  no  novel  process,  however,  as  Jules  Marcou  introduced  the  same 
method  of  electrotyping  the  Trilobites  of  Canada  forty  years  ago. 

One  oannot  fail  to  be  impressed  by  the  great  antiquity  of  these  curious 
forms  of  many-jointed  terrestrial  air-breathers,  which  even  at  this 
early  geological  period  enjoyed  so  wide  a  geographical  distribution 
over  the  globe.  Their  primitive  character  and  simple  elongated 
forms,  with  sometimes  cylindrical,  sometimes  flattened  body,  present 
the  grt^atest  resemblance  to  the  Annelids  in  the  serial  similarity  of 
the  rings  of  the  body  and  in  their  mode  of  locomotion. 

The  genera  described  by  Dr.  Fritsch  embrace  Acantherpeilea, 
S  species ;  Fuphoheria,  2  species ;  hojtdus,  3  species ;  FieurojtduB, 
€  species;  Anlhracojulu8f  1  species;  Pytojulus  (Xylobius),  4  species; 
Acroglomeria,  2  species ;  Archiacudderia,  5  species ;  Glomeropaia, 
4  species ;  Hemiphoberia,  1  species ;  Purkyniay  1  species ;  HeterO' 
vorhoefia,  1  species ;  and  Sandtneria,  1  species. 

The  Arachnoidea  also  appear  to  claim  a  very  early  place  among 
the  air-breathers  in  geological  time.  No  scorpions  are  here  figured 
by  Dr.  Fritsch,  although  some  of  the  earliest  examples  of  this 
remarkable  type  were  obtained  by  Count  Sternberg  from  Bohemia. 
The  spiders  are  represented  by  the  genera  Hemiphrynus,  2  species ; 
Promygale,  3  species  ;  Artkrolycosa,  3  species  ;  and  Pyritaranea, 
1  species.  On  plate  diii  is  figured  a  remarkable  example  of 
ArihrolyeoBa  proliferaf  a  female  having  a  cocoon  of  well-developed 
young  attached  to  its  body.  Enlarged  figures  of  some  of  the 
embryo  spiders  are  given.  One  is  at  a  loss  to  understand  how  the 
small  shells  known  as  Spiroglyphus  vorax  happen  to  be  found 
attached  to  the  body  of  a  spider  {Promygale  rotundata,  pi.  cliii, 
fig.  4)  ;  these  small  discoidal  spiral  shells  were  formerly  considered 
as  the  cases  of  marine,  or  at  least  aquatic,  Annelids.  They  were 
probably  forms  of  some  kind  of  parasitic  tube*dweller,  perhaps 
terrestrial. 

We  cannot  help  expressing  regret  that  the  draughtsman  who 
prepared  the  plates  had  not  possessed  a  more  delicate  and  artistic 
perception  of  the  objects  he  has  delineated.  They  might  have  been 
made  so  much  more  beautiful  by  being  less  coarse  and  heavy  in 
•execation,  and  the  expenditure  in  colouring  seems  to  us  to  be  after 
all  of  doobtful  value  compared  with  extreme  accuracy  of  minute 
detail  and  correct  drawing  of  the  outlines. 

All  praise  is  due  to  Dr.  Fritsch  for  the  earnest  labour  he  has 
i>e8towed  for  so  many  years  in  bringing  out  his  great  work  on  the 
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fauna  of  the  Gas-ooal  of  Bohemia.  It  has  cost  the  aathor  much 
money,  which  we  fear  he  will  never  be  recouped;  hut  students 
of  palssontology  all  over  the  world  cannot  fail  to  be  grateful  to  him 
for  making  them  acquainted,  by  means  of  this  work,  with  the  rich 
and  varied  fauna  of  the  Permo-Oarboniferous  Series  of  Bohemia. 


lY. — Thb  Intebnational  Obooraphy.  By  Seventy  Authors.  Edited 
by  Hugh  Bobebt  Mill,  D.Sc.,  F.B.S.E.,  etc  8vo ;  pp.  xx  aud 
1,090,  with  488  II lustrations.  (London:  George  Newiie^, 
Limited,  1899.     Price  15s.) 

IF  any  evidence  were  wanting  in  order  to  prove  the  vast  and 
ever-increasing  importance  which  a  knowledge  of  geography 
has  of  late  years  assumed,  we  have  but  to  turn  to  the  enormous 
development  which  the  closing  years  of  the  century  has  witnessed 
in  the  issue  of  maps,  both  geological  and  topographical,  and  the 
cheapening  of  their  production  so  as  to  bring  them  within  the  reach 
of  all  who  seek  for  such  knowledge  as  they  convey. 

Along  with  maps  of  all  kinds,  come  naturally  in  importance 
handy  books  of  reference  bearing  upon  all  questions  of  geography 
which  maps  portray  graphically,  but  do  not  explain  so  fully  as  c^in 
be  done  in  a  textbook.  Dr.  Hugh  Bobert  Mill,  from  the  vantage- 
ground  of  his  position  as  an  officer  of  the  Boyal  Greographieal 
Society  of  London,  has  been  enabled,  with  the  aid  of  a  whole 
army  corps  of  authors,  to  bring  together  in  a  little  over  1,100 
w^U  and  clearly  printed  pages,  a  complete  summary  of  the  globe, 
arranged  under  countries,  giving  in  each  case  an  account  of  its 
general  configuration  and  geology,  its  river-systems,  climate,  natural 
resources,  and  a  brief  notice  of  its  fauna  and  flora.  The  several 
peoples  are  described  as  to  race,  language,  history,  and  mode  of 
government ;  with  their  manufactures  and  external  trade ;  and 
especially  the  main  industries  peculiar  to  each  country ;  with  their 
system  of  internal  communications.  The  political  divisions  are  con- 
sidered individually,  together  with  notices  of  towns.  All  towns  with 
populations  of  100,000  and  upward  are  separately  noticed,  and  all  other 
towns  which  are  of  special  importance.  In  every  case  where  it  is 
possible,  the  characteristics  of  the  site  which  determines  the  position 
of  a  town,  or  the  geographical  conditions  which  minister  to  its 
prosperity,  have  been  noticed.  A  statistical  table,  giving  the  ai^a 
and  population  at  the  last  two  censuses  of  the  whole  country,  and 
in  federal  countries  of  the  constituted  states ;  the  average  values  of 
exports  and  imports  for  three  flve-yearly  periods,  ten  years  apart, 
•.g.,  for  1871-76,  1881-85,  1891-95,  have  been  taken,  and  the  chief 
towns  with  their  population  at  the  two  last  censuses. 

The  introductory  general  discussions  of  mathematical,  physical, 
oommeroid,  and  political  geography  are  written  from  a  strictly  geo* 
graphical  point  of  view,  nnd  in  a  purely  general  manner,  referrin^c 
only  to  such  phenomena  or  conditions  as  are  not  restricted  to 
particular  regions.  The  object  has  been,  not  to  give  a  treatise 
on  the  sabject  named,  but  to  supply  the  few  general  facts  and 
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prinoiples  neoessaiy  to  the  oompirehensioii  of  the  special  geography 
of  each  individual  country.  The  general  description  of  each  continent 
refers  only  to  the  largest  and  most  determinative  features,  and  these 
are  taken  in  the  following  order :  coasts,  surface,  geology,  climate, 
flora,  fauna,  anthropology,  history,  including  territorial  changes  of 
the  largest  order. 

To  afford  some  further  insight  into  the  arrangement  of  the  work 
we  may  mention  that  the  principles  and  progress  of  geography  are 
treated  by  Dr.  H.  fi.  Mill ;  mathematical  geography,  dealing  with 
the  form  and  dimensions  of  the  earth,  and  the  methods  employed 
for  determining  and  representing  the  positions  of  places  upon  its 
sorfiioe,  a  chapter  full  of  most  valuable  and  concise  information,  is 
by  Dr.  A.  M.  W.  Downing,  F.B.S. ;  maps  and  map*reading,  by  the 
veteran  cart(^rapher,  E.  G.  Bavenstein ;  the  plan  of  the  earth, 
dealing  with  its  form,  is  by  Dr.  J.  W.  Qregory,  F.G.S.,  of  the 
British  Museum,^  and  treats  of  "  the  tetrahedral  theory  of  the  earth," 
which  we  need  not  now  discuss  here,  but  refer  our  readers  to  this 
work  and  to  Gregory's  original  paper  (Gfeographical  Journal,  1889, 
vol.  xiii,  p.  225). 

The  next  chapter  on  "  Land-Forms,"  by  Dr.  Hugh  Bobert  Mill, 
treats  of  the  relative  divisions  of  the  earth's  crust  into  oceanic 
plateau,  continental  slope,  continental  plateau,  and  culminating 
area ;  of  land-forms,  of  the  materials  of  the  earth's  crust,  giving 
the  nature  of  the  geological  formations,  their  order  of  succession, 
and  the  subsequent  forms  and  features  produced  by  crustal  move- 
ments, subaerial  and  marine  denudation,  and  the  result  of  rivers. 
Sir  John  Murray  and  Dr.  Mill  follow  with  a  chapter  on  the  oceans, 
which  is  concise  and  up  to  date.  In  this,  as  in  other  parts  of  the 
work,  in  consequence  of  the  earnest  effort  made  to  condense  the 
greatest  amount  of  information  into  the  smallest  possible  space,  the 
488  text-illustrations  suffer  in  consequence,  both  in  size  and  quality, 
and  some  of  them  hardly  do  justice  to  the  work.  This  will,  we 
hope,  be  reoognized,  and  remedied  in  a  second  edition,  which  is 
certain  to  be  called  for.  Mr.  H.  N.  Dickson  follows  with  a  chapter 
on  ''The  Atmbsphere  and  Climate";  and  Professor  J.  Arthur 
Thomson,  on  '*The  Distribution  of  Living  Creatures,"  in  which 
the  author  discusses  that  most  interesting  question,  the  relation 
4>f  the  dry -land  and  fresh- water  faunas  to  the  littoral  fauna,  the 
pelagic,  the  deep-water,  and  the  abyssal  faunas,  and  suggests  that 
a  littoral  fauna  was  probably  the  original  one  whence  have  been 
derived  on  the  one  hand  the  pelagic  and  abyssal  faunas,  and  on  the 
other  those  of  the  fresh  waters  and  dry  land.  Professor  Brooks,  on 
the  contrary,  maintains  that  the  pelagic  fauna  was  primitive,  for 
there  the  conditions  of  life  are  easiest;  while  Sir  John  Murray 
takea  the  fauna  of  the  '  iuud-line,*  ie.  the  boundary  between  the 
abyssal  and  the  littoral  (or  neritio)  regions  at  an  average  depth  of 
about  100  fathoms,  as  the  primitive  life-zone.  Here  the  minute 
organic  and  inorganic  particles  derived  from  the  land  and  surfaoe- 

'  Just  appointed  (as  we  write)  to  the  Chair  of  Professor  of  Geolo^  in  the 
UurerBitjr  of  Melbourne,  Victoria,  Australia. 
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waters  find  a  resting-plaoe  upon  the  bottom,  the  great  feeding- 
p^round  of  tbe  ocean,  and  which  seems  to  be  very  densely  peopled. 
He  holds  to  the  view  **  that  in  early  geological  times  there  was 
a  nearly  uniform  high  temperature  over  the  whole  surface  of  the 
globe,  and  a  nearly  uniformly  distributed  fauna  and  flora;  and 
that  with  the  gradual  cooling  at  the  Poles,  species  with  pelagic 
larvie  were  killed  out  or  forced  to  migrate  towards  the  Tropics, 
while  the  great  majority  of  the  species  which  were  able  to  survive 
in  the  Polar  areas  were  those  inhabiting  the  mud-line  "  (p.  95). 

"The  Peoples  of  the  Earth  and  the  Distribution  of  Mankind,"  which 
forms  the  subject  of  a  chapter  by  A.  H.  Eeane,  deals  with  the  human 
race  from  a  geological  as  well  as  a  zoological  standpoint.  Of  course, 
the  Pliocene  man  from  Java,  Pithecanthropus  erectua  (spelt  in  error 
'erectts').  takes  a  prominent  place,  but  we  have  always  felt  that 
Dr.  E.  Dubois's  discovery  rested  upon  extremely  slender  evidence, 
and  that  too  large  a  superstructure  of  theory  should  not  be  built 
upon  so  small  b  foundation  of  fact.  After  treating  of  the  various 
races  of  mankind,  the  writer  remarks  that  from  Neolithic  times 
the  Ethiopic  and  American  groups  have  been  losing,  whilst  the 
Caucasians  and  Mongols  have  been  everywhere  gaining  ground, 
with  results  expressed  in  terms  of  population  as  under : — 

Caucasians  770,000,000 

Mongols  640,000,000 

Ethiopians  ...         176,000,000 

Amencans  22,000,000 

Total        1,607,000,000 

We  can  only  hope  that  in  the  struggle  of  races  the  Caucasian  may 
maintain  his  superiority  over  the  Mongol,  but  time  alone  will  show 
whether  he  will  be  able  to  do  so  or  not. 

Part  I  ends  with  a  chapter  on  Political  and  Applied  Geology,  by 
Dr.  J.  S.  Eeltie,  Secretary  of  the  Boyal  Geographical  Society, 
carrying  us  to  p.  121,  which  may  be  considered  to  conclude  the 
introductory  matter  of  the  volume. 

Part  II  contains  the  sum  and  substance  of  the  work  itself. 
Commencing  with  the  geography  of  Europe,  pp.  123-421,  Asia 
follows  next,  pp.  422-574,  taking  in  Japan  and  the  East  Indian 
Islands.  The  next  section  deals  with  Australia  and  Polynesia, 
pp.  575-668.  North  America  commences  book  4,  pp.  664-781. 
Central  and  South  America  occupy  book  5,  pp.  782-888.  Africa 
forms  book  6,  pp.  889-1024.  The  last  section  of  the  book  treats  of 
the  Arctic  and  Antarctic  regions  (pp.  1025-1053),  a  chapter  full  of 
interest  both  for  geologists  and  geographers. 

As  a  proof  of  the  value  of  this  book  as  a  handy  work  of  reference, 
it  may  be  mentioned  that  the  index  contains  about  15,400  names  of 
places  described  and  localized  in  the  body  of  the  work,  besides 
references  to  temperatures,  winds,  climate,  population,  animals, 
plants,  geology,  minerals,  rivers,  mountains,  fisheries,  timber,  and 
endless  other  matters  that  may  well  be  included  in  such  a  com- 
prehensive work. 
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We  are  much  indebted  to  the  editor  and  his  vast  array  of  authors 
for  this  valuable  volume,  which  is  certain  to  find  a  place  in  every 
scientific  library,  and  in  every  series  of  books  of  ready  reference  in 
both  private  and  public  libraries  in  England,  America,  and  our 
Colonies. 


I^EIPOI^TS     JiJISTlD     :E>I^OCESBIDI35ra-S. 


Gbolooioal  Sooibtt  op  London. 

1— November  22,  1899.— W.  Whitaker,  B.A.,  F.R.S.,  President,  in 

the  Chair. 


The  President,  having  requested  all  present  to  rise  from 
their  seats,  expressed  in  feeling  terras  the  sorrow  felt  by  the 
Society  at  the  unexpectedly  sudden  loss  of  an  esteemed  Fellow 
and  genial  friend,  Dr.  Henry  Hicks,  F.R.S.,  V.P.G.S.,  to 
whose  energy  and  perseverance  the  Quarterly  Journal  owed 
so  many  papers,  and  from  whom  many  more  valuable  con- 
tributions might  have  been  expected  in  the  years  to  come. 
The  following  resolution  had  been  passed  by  the  Council  that 
afternoon,  and  a  copy  thereof  had  l)een  communicated  to 
Mrs.  Hicks  with  an  expression  of  sincere  sympathy  : — 

"  That  the  Council  desire  to  place  on  record  their  great 

grief  at  the  loss  which    Geological    Science    and    the 

Geological    Society    have    sustained    by    the    death    of 

their  Vice-President,  Dr.  Henry  Hicks,  who  so  recently 

occupied  the   Presidential   chair,   and    so    energetically 

attended  to  the  welfare  of  the  Society." 

The  President  then  said  that  the  Society  had  to  deplore 

another  severe  loss  in  the  person  of  their  revered   friend, 

Sir  J.  William  Dawson,  C.M.G..  F.R.S.,  who  died  at  Montreal 

on   Sunday,   the   19th   inst.      The   Council   had    passed  the 

following  resolution : — 

"  That  the  Council  have  heard  with  deep  regret  of  the 
decease  of  the  old  and  valued  Fellow  of  the  Geological 
Society,  Sir  J.  W.  Dawson,  who  for  nearly  fifty  years  has 
taken  an  active  part  in  advancing  geological  knowledge 
in  general,  and  more  especially  with  regard  to  the  great 
Dominion  of  Canada;  and  they  desire  to  assure  Lady 
Dawson,  and  the  distinguished  Fellow  of  the  Society, 
Dr.  George  Dawson,  of  the  Council's  sincere  sympathy 
in  their  loss." 


The  following  communications  were  read  : — 

1.  "  On  some  Remarkable  Calcisponges  from  the  Eocene  Tertiary 
Strata  of  Victoria  (Australia)."  By  George  Jennings  Hinde,  Ph.D., 
r.B.S.,  F.G.S. 
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The  greater  number  of  the  sponges  described  were  discovered 
by  Mr.  T.  S.  Hall,  M.A.,  of  Melbourne  University,  in  incoherent 
detrital  beds  of  Eocene  age,  in  the  southern  part  of  Victoria ;  a  few 
were  picked  out  of  some  washings  of  fragmental  polyzoa  fron^ 
the  same  district  and  horizon,  by  Mr.  B.  W.  Priest.  Some  of 
the  specimens  are  in  an  extremely  perfect  condition,  and  their 
structural  details  are  as  distinctly  shown  as  in  recent  sponges. 
They  are  also  of  more  than  local  interest  in  that  they  are  the  first 
fossil  forms  described  of  a  group  of  calcisponges,  the  Lithonina^ 
characterized  by  the  peculiar  aberrant  forms  of  some  of  the  spicules,, 
and  the  mode  in  which  they  are  closely  fitted  and  organically  fused 
together  to  form  the  skeletal  mesh.  This  structure  has,  so  far^ 
only  been  recognized  in  one  recent  species,  Petrostroma  Schvlzeit 
Doderlein,  from  the  Japanese  Sea. 

The  sponges  are  small,  unattached,  with  a  glassy,  firm,  resistant 
skeleton,  calling  to  mind  that  of  siliceous  Lithistlda.  They  are^ 
built  up  of  a  great  variety  of  spicular  forms  ;  some  are  simple  rods^ 
with  three-  and  four-rayed  spicules,  similar  to  those  in  recent 
calcisponges ;  but  the  majority  are  aberrant  four-rayed  forms,  witb 
three  of  the  ravs  curved  and  with  obtuse  or  expanded  ends  whicb 
are  clasped,  and  fused  as  well,  to  the  surfaces  of  adjacent  spicules. 
The  connected  spicules  form  continuous  anastomosing  or  radial 
fibres  resembling  those  in  the  fossil  Pharetrones,  to  which  they  are 
in  some  other  respects  similar,  and  it  is  probable  that  the  spicules  in 
the  fibres  of  some  members  of  this  family  were  likewise  organically 
cemented  together.  The  common  Porosphara  from  the  Upper 
Chalk,  generally  regarded  as  Hydrocorallines  allied  to  the  recent 
MiUepora,  are  also  closely  related  to  the  above  sponges,  and  th» 
author  hopes  shortly  to  publish  the  evidence  for  their  affinity  to^ 
this  group. 

The  Victorian  sponges  are  placed  in  four  new  species,  belonging- 
to  three  genera :  two  of  these  are  new ;  the  other,  Bactronella,  Hinde,. 
was  founded  on  some  peculiar  calcisponges  of  Jurassic  age,  now 
known  to  be  Litbonine  in  character. 

2.  "  The  Silurian  Sequence  of  Bhay ader."  By  Herbert  Lapworth,. 
Esq.,  F.G.S. 

This  paper  opens  with  a  general  reference  to  the  Ordovician  and 
Silurian  complex  of  Central  Wales,  and  a  notice  of  the  geological 
work  hitherto  done  in  the  region.  The  stratigraphioal  relations  of 
the  Silurian  formations  which  occur  in  the  country  surrounding 
the  town  of  Bhayader  (Badnorshire)  are  then  described  in  detail. 
Typical  and  confirmatory  sections  are  given,  demonstrating  the 
complete  local  sequence  of  the  rocks  of  the  Bhayader  district.  These^ 
are  illustrated  by  lists  of  characteristic  graptolites.  These  fossils 
are  compared  with  those  of  Southern  Scotland,  Sweden,  and  North 
Wales,  showing  that  the  graptolite  succession  is  everywhere  similar, 
and  fixing  the  age  of  the  Bhayader  Series  as  representing  the  Iiower 
Llandovery,  Upper  Llandovery,  and  Tarannon  of  other  areas. 
Finally,  several  new  species  of  CUmaeograptus  and  Diphgraptu$^ 
are  described. 
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Hie  author  establiahes  the  following  sequence : — 


« 


XhftTader  Group  (Pale  Slides). 


( 


Qroiip* 


Oafallt  Beds. 

Caban 
Conglomerates. 


OvMtftdtn 
Qrosp. 


I  GafaUt  Shales. 

Upper  Conglomerate. 
Intermediate  Shales. 
Lower  Conglomerate. 


Gigrin 
Hndstones. 


Dddl  Shales. 


!Pale  Grey  Mudstones. 
Zone  of  if.  eofivolutus. 
Calcareous  Nodule-beds. 
i  Zone  of  M»  Jimbriatm. 
J       ,,       M,  cyphm. 
\       ,,       M,  tenuit. 
I  D.  modMtus-fiAgB. 
Dyffryn  Flags.  '  Bottenstone  Beds. 

(  Micaceous  Flags  &  Grits. 
Cerig  Gwynion 
Grits. 

Blue-black  Shales. 


t  Gala  and  Tarannon 
Group. 

:  Upper  Llandovery, 
May  Hill,  and 
Upper  Birkhill. 


:  Lower  Llandovery 

and 
Lower  Birkhill. 


=  Bala  and  Hartfell. 


No  single  section,  taken  in  any  direction  across  the  Ehayader 
oonntry,  shows  the  complete  succession.  In  any  area  some  one 
group  is  always  hotter  developed  than  others ;  and  some  portion  of  at 
least  one  group  is  certain  to  he  missing.  The  lowest,  or  Gwastaden 
Group,  has  a  maximum  thickness  of  over  1,800  feet  It  is  underlain, 
apparently  conformahly,  hy  highly  cleaved  dark-hlue  shales,  and 
overlain  unconformahly  hy  both  the  Caban  and  Rhayader  Oroups. 
The  base  of  the  Qwastaden  Group  is  formed  of  a  thick  mass  of 
granwackes,  which  thin  to  the  east  and  thicken  to  the  west.  They 
oontain  Climacograptus,  and  pass  up  into  mixed  flags  and  grits  with 
CUmacograptus  and  Diplograptus.  These  are  succeeded  by  shales 
and  mudstones  in  which  the  first  Monograptidsa  appear.  These 
become  dominant  in  the  upper  part 

The  succeeding  Caban  Group  has  a  maximum  thickness  of 
1,500  feet.  Its  lower  division  consists  of  two  massive  con- 
glomerates, separated  by  shales;  its  higher  division  is  made  up 
of  fine-grained  grits,  shales,  and  flags.  Each  member  of  the  group 
is  overlapped  to  the  east  by  the  next  subgroup  above  it,  until 
•Yentually  the  whole  group  disappears  beneath  the  Rhayader  Pale 
Shales,  which  in  the  eastern  areas  rest  directly  on  the  Gwastaden 
rooks. 

The  Rhayader  Group  consists  of  pale-green,  blue,  and  grey  shales 
and  mudstones,  which  overstep  on  to  the  Gwastaden  beds ;  and  may 
possibly  pass  completely  over  them,  and  rest  on  the  dark  shales 
further  east 

Aftar  the  Gwastaden  rocks  were  laid  down,  the  sea-floor  appears 
to  bare  been  elevated  and  denuded,  a  hollow  being  scoured  out  to 
the  eastward.  Rapid  sinking  followed,  and  the  sea  filled  the  hollow 
with  the  Caban  setliments,  [iractically  levelling  it  up  by  the  time 
that  the  .di*{kisition  of  the  Pale  Slates  began. 
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Tables  of  fossils  enable  the  author  to  establish  a  complete  com- 
parison of  the  whole  of  the  local  zones  of  the  Rhayader  district  with 
ihose  of  Southern  Scotland,  Wales,  and  Sweden.  In  the  Rhayader 
area  we  find,  for  the  first  time  in  Britain,  the  entire  Valentian 
succession  developed  in  one  general  sequence  of  rocks,  with  a  more 
■or  less  common  litholo^ical  character,  and  with  a  fauna  oomposed 
throughout  of  similar  palsBontological  types. 


II.— December  6,  1899.— W.  Whitaker,  B.A.,  F.R.S.,  President,  in 

the  Chair. 

Dr.  Blanford  said  that  he  had  been  asked  by  Professor  Judd,  who 
was  unable  to  attend,  to  say  a  few  words  about  certain  photographs 
sent  by  Mr.  E.  H.  L.  Schwarz,  and  representing  the  Dwyka 
boulder-bed  and  the  rounded  and  grooved  underlying  surface,  in 
the  neighbourhood  of  the  Orange  River  near  Hopetown  and  Prieska. 
The  importance  of  these  photographs  lay  in  the  evidence  which  they 
afiforded  on  a  disputed  point.  Dr.  Sutherland  and  Mr.  Griesbach 
liad  called  attention  to  the  evidence  of  ice-action  presented  by  the 
Dwyka  Conglomerate  in  Natal,  and  additional  evidence  had  been 
brought  forward  by  several  observers,  especially  by  Mr.  Dunn  from  the 
Orange  Free  State  and  Cape  Colony,  and  recently  by  Dr.  Molengraaff 
from  the  Transvaal.  Other  observers,  however,  and  especially  the 
late  Professor  Green,  had  disputed  the  glacial  origin  of  the  Dwyka 
beds,  llie  photographs  now  exhibited  would,  the  speaker  thought, 
convince  most  geologists  that  the  phenomena  presented  were  due  to 
ice-action.  The  resemblance  to  similar  photographs  shown  to  the 
Society  in  1896  by  Professor  T.  W.  Edgeworth  David,  and  repre- 
senting the  beds  corresponding  to  the  Dwyka  Conglomerate  in  South 
Australia,  was  noteworthy.  Evidence  of  glacial  action  in  Upper 
Palseozoio  times  had  gradually  accumulated  from  India,  Anstralia, 
find  South  Africa,  and  there  was  a  probability  that  similar  indications 
existed  in  South  America. 

The  following  communications  were  read : — 

1.  "On  the  Geology  and  Fossil  Corals  and  Echinids  of  Somali- 
land."     By  Dr.  J.  W.  Gregory,  F.G.S. 

British  Somaliland  consists  of  a  high  plateau,  of  which  the 
northern  scarp  is  separated  from  the  Gulf  of  Aden  by  a  belt  of  low 
hills  and  plains  laiown  as  the  Guban.  The  southern  plateau 
consists  of  Archaean  gneisses,  quartzites,  amphibolite  -  schists, 
•ohioritic  schists,  and  pegmatites.  It  is  capped  by  purple  grits, 
red  sandstones,  and  conglomerates,  which  are  covered  by  limestones 
of  Keocomian,  Turonian  (?  Cenoraanian),  and  Eocene  ages.  The 
Neocomian  limestone,  which  may  be  correlated  with  that  of  Singeli 
described  by  Rochebrune,  occurs  at  Dobar  in  the  Guban ;  while 
a  Jurassic  limestone,  probably  of  Bathonian  date,  occurs  at 
Bihendula  in  the  Guban.  Fossils  collected  from  these  limestones 
and  from  raised  reefs  of  Pleistocene  age,  by  Mr.  and  Mrs.  Lort 
Phillips,  Miss  Gillet,  Mr,  G.  P.  V.  Aylmer,  Captain  E,  T.  Marshall, 
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and  Mr.  F.  B.  Parkinson,  bave  been  examined  by  the  author,  who 
tabolates  a  list  of  corals  and  echinids.  One  new  genus  and  fourteen 
new  species  of  oorals  are  described,  belonging  to  the  genera 
Slglophora,  Stylina,  Columnastraa,  Prionaatraa,  Favia,  Meiethmoa, 
(hfcloliteB,  and  Litharaa,  and  one  new  species  of  Feeudodiadema. 
The  evidence  of  the  collections  is  sufficient  to  show  that  a  Neocomian 
limestone  occurs  both  on  the  summit  of  the  Somali  plateau  and  ou 
the  floor  of  the  Ouban,  and  that  some  marine  limestones  of  Lower 
Tertiary  age  (probably  Eocene)  also  occur  on  the  plateau.  It  i» 
therefore  evident  that  the  foundering  of  the  Aden  Gulf  is  post- 
Socene  in  age. 

2.  "Note  on  Drift -gravels  at  West  Wickham  (Kent)."  By 
George  Clinch,  Esq.,  F.G.S. 

The  author  describes  two  beds  of  Drift-gravel  at  West  Wickham. 
The  first,  occupying  the  bottom  of  a  dry  valley,  yields,  in  a  section 
exposed  at  Gates  Green,  material  derived  from  the  Chalk  and  the 
Liower  Greensand  ;  and  distinct,  although  perhaps  not  direct,  relation 
with  the  denudation  of  the  Weald  is  claimed  for  it.  The  other  bed 
of  gravel  is  of  later  age,  and  has  yielded  many  Palseolithic  implements 
and  flakes.  The  specimens  of  these  exhibited  were  found  by  the 
author  between  1880  and  1885,  and  they  establish  the  existence  of 
Drift-gravels  about  a  mile  south  of  Hayes  Common.  Some  of  the 
implements  have  lost  their  pointed  ends  and  bear  other  indications 
of  use,  many  are  smoothed  and  rounded  by  Drift- wear,  but  a  few  are 
entirely  unworn,  while  some,  particularly  the  larger  examples,  are 
braised  and  crushed  by  such  influences  as  the  ploughshare  and 
'waggon-wheels.  Most  of  the  implements  have  a  superficial  colouring, 
-varying  from  a  pale  straw-tint  to  a  rich  ochreous-brown.  "The 
association  of  much- worn  implements,  unworn  implements,  and 
flakes,  cores,  and  waste-chips,  in  the  same  bed  of  Drift-gravel  points 
to  the  fact  that  we  have  here  a  collection  of  material  which  waa 
brought  from  a  great  variety  of  places,  and  has  undergone  a  great 
variety  of  conditions  and  changes.*' 

3.  <*0d  the  Occurrence  in  British  Carboniferous  Rocks  of  the 
Devonian  Genus  Palaoneilo,  with  a  Description  of  a  New  Species.'* 
By  Dr.  Wheelton  Hind,  B.S.,  F.R.C.S.,  F.G.S. 

The  family  Nuculidso  is  represented  in  Carboniferous  rocks  by  the 
genera  Nueuia,  Nnetdana,  and  CtenodorUa,  and  to  tliese  must  now  be 
added  Palaoneilo,  which  the  author  describes  from  two  fine  specimens 
in  the  Museum  of  Practical  Geology,  from  Carboniferous  Shale 
(Yoredalo  Shale)  south  of  Hammerton  Hall,  Slaidburn,  Yorkshire; 
It  is  remarkable  that  a  genus  so  well  developed  in  Devonian  times 
ftboold  be  found  at  the  top  of  the  Carboniferous  Limestone  Series, 
but  not  in  intermediate  beds.  Hall's  diagnosis  of  the  genus  is  given, 
until-  additional  remarks,  and  a  new  species  is  described  and  con- 
trasted with  CUnodonta  {Palaoneilo)  lirata,  Phil.,  from  the  Devoniai\ 
of  Baggy. 
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coE.RBs:poi>riDEi>roE. 

• 

THE  GENERA  APATOKEPHALUS  (BROGGER)  AND  TRAUORIA 

(REED). 

Sib, — With  referenoe  to  the  fauna  of  the  Waterford  Ordovioian 
beds,  it  will  be  of  interest  to  the  readers  of  the  Geologxoal 
Maqazine  to  learn  that  Professor  Brogg^r  informs  me  that  the 
trilobite  which  I  have  recently  described  (Q.J.Q.S.,  rol.  Iv,  1899, 
p.  758,  pl.  xlix,  figs.  14-16)  as  T'ramoria  pxmetata,  gen.  et  sp.  nov., 
belongs  without  any  doubt  to  the  genus  Apatokephalua,  which  was 
established  by  him  in  1896  (**Ueber  die  Verbreitung  der  Euloma- 
Niobe  Fauna  [der  Ceratopygenkalk  fauna]  in  Europa,"  Nyt  Magaziu 
fur  NaturvidenaJcaheme,  Bd.  xxxv,  1896,  pp.  179-185,  200)  for 
a  group  of  species  related  to  Dikellohephalus  occurring  in  the  widely 
distributed  Euloma-Niobe  fauna.  In  this  country  this  fauna. is  con- 
tained by  the  Shineton  Shales  and  the  Tremadoo  of  North  Wales. 
The  form  named  by  Salter  Conocoryphe  invita  belongs  to  this  new 
genus  Apatokephalus,  and  the  following  species  from  Europe  and 
America  are  also  mentioned  by  Brogger  as  occurring  in  beds  with 
this  Euloma  -  Niobe  .  fauna  :  —  Apatokephalua  serratuSf  Boeck  ; 
A.  anguaticaudat  Ang. ;  A,  finalU,  Walcott ;  A.  Sehlotheimi,  Billings  ; 
A,  magmficua,  Billings.  We  have  now  to  add  Apatokephalus  punctatua 
to  the  above  list,  and  the  generic  name  Tratnona  must  be  dropped. 

Professor  Brogger  adds  that  this  identification  lends  important 
support  to  my  view  that  the  fauna  of  the  Waterford  beds  has  a  facies 
resembling  that  of  the  homotaxial  Scandinavian  beds,  especially  of 
the  Asaphus  Stage  (£!t  3,  Brogger).  The  ooenrrenoe  of  genera 
•characteristic  of  the  Euloma-Niobe  fauna  in  beds  of  a  higher 
stratigraphical  horizon  in  Wales,  and  their  association  vnth  a  later 
fauna  of  a  different  character  in  shallow-water  deposits,  are  facts 
Also  noticed  by  Brogger  in  the  paper  referred  to.  With  regard 
to  the  wide  geographical  distribution  of  this  fauna  and  the  presence 
of  its  most  characteristic  genera  of  trilobites  in  distant  areas,  Brogger 
shows  that  it  extended  from  65°  N.  lat  to  48°  N,  lat,  and  is  repre- 
sented not  only  in  Sweden  bat  at  Hof  in  Bavaria,  St.  Ohinian  in 
Languedoc,  Shropshire,  North  Wales,  and  America,  wherever  the 
bionomical  conditions  were  favourable.  No  barrier,  therefore, 
between  the  Baltic  and  British  provinces  can  have  existed  at 
this  time,  and  it  is  shown  that  the  supposed  distinct  characters  of 
the  trilobitio  faunas  are  based  upon  an*  erroneous  separation  of 
genera  and  species  owing  to  a  want  of  acquaintance  with  foreign 
specimens.  F«  B«  Cowpbb  Bbsd, 

WOODWABDXAN  MuBBUM,   CAMBRIDOI. 

November  29,  1899. 

THE  GEOLOGICAL  SURVEY  OP  EGYPT. 

Sib, — Since  the  commencement  of  this  Survey  in  October,  1896, 
the  officers  attached  have  carried  out  a  geological  and  topographical 
reconnaifsgance  over  a  large  portion  of  the  country,  besides  a  oertain 
Amount  of  more  detailed  work  in  some  areas.  During  this  time 
lUHiiy   new  facts  have  been   brought  to  light,  in  numerous 
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necessitating  entirely  different  conclusions  to  those  arrived  at  by 
-earlier  observers  in  the  same  field. 

Unfortunately,  up  to  the  present,  the  Egyptian  Government  has 
not  been  able  to  publish  any  maps  or  descriptions  of  the  regions 
surveyed,  and  even  if,  as  proposed,  publication  is  undertaken  in  the 
ooming  year,  a  considerable  time  must  necessarily  eli^se  before  the 
accumulated  results  of  three  years  can  be  brought  out 

In  an  abstract  report  in  the  Zeitschrifi  fur  praktiaehe  Oedogie 
for  November,  1899,  of  a  paper  entitled  **  Neues  zur  Geologic  und 
Palaontologie  Aegyptens,"  by  Dr.  Max  Blanckenhorn,  the  following 
statement  occurs: — ''Den  von  v.  Zittel  beschriebenen  Cenoman- 
vorkommen  reihen  sich  zwei  neue  im  eigentlichen  Aegypten  gelegene 
und  von  Blanckenhorn  gefundene  an.  Das  erste  Hegt  im  0.  des  Nils 
am  Qehel  Chebrewet ;  das  zweite,  westlich  des  Nils  gelegene,  ist  das 
der  Oase  Baharia  mitten  im  Eocanplateau  der  Libyschen  WtLste. 
Das  letztert)  weist  auch  in  Limonit  umgewandeltesHolz  (Palmoxylon) 
und  gut  erhaltene  Abdriicke  von  Dicotyledonenblattern  in  demselben 
Yersteinerungsmittel  auf,  ein  vielvei-sprechender  Aufschluss  tlber  die 
Kreidefiora  Aegyptens."' 

As  the  copy  of  this  abstract  report  was  sent  to  this  Survey  by 
Dr.  Blanckenhoi-n  himself,  I  am  forced  to  conclude  that  he  claims  to 
iiave  himself  discovered  the  existence  of  rocks  of  Cenomanian  age  in 
Baharia  Oasis,  which  as  far  as  I  know  he  has  never  visited,  and  can 
only  have  derived  his  geological  information  from  an  examination  of 
my  own  specimens. 

In  view  of  this,  it  is  advisable  to  put  on  record  some  of  the  more 
important  oonclusions  at  which  I  have  arrived.  They  are  briefly  as 
follows : — In  1897  the  discovery  of  the  existence  of  extensive  faults 
along  the  west  margin  of  the  Nile  Valley,  and  the  absence  of  high 
fluviatiie  deposits,  pointed  to  the  oonolusioh  that  the  Nile  gorge  is 
not  a  "  valley  of  erosion,"  but  probably  a  line  of  rift  and  faulting. 
In  1899  similar  faults  were  again  found  along  the  east  side  between 
Assiut  and  Eena. 

A  thick  and  extensive  series  of  limestones,  tufas,  clays,  sandstones, 
4Uid  pebble-beds  has  been  shown  to  occur  throughout  the  Nile  Valley, 
from  Esna  to  the  Fayoum  on  the  west  side  and  from  Eena  to  Minia 
on  the  east, .  during  work  carried  on  between  1896  and  1899. 
Although  they  are  generally  of  fresh- water  origin,  Mr.  Barron  and  I, 
by  the  discovery  of  miurine  foraminifera  in  these  beds  near  Luxor 
in  January,  1897,  showed  that  marine  conditions  existed  far  up  the 
Nile  Valley  in  comparatively  recent  times,  these  beds  being  probably 
of  Pliocene  age.  In  1897  an  extensive  series  of  fossiliferous  Ore* 
<aoeoQs  beds  of  Cenomanian  to  Danian  age  was  discovered  and 
mapped  in  Baharia  Oasis,  and  the  junction  of  the  Cretaceous  and 

*  To  the  occurrences  of  Cenomanian  rocks  described  by  Zittel  are  added  two  new 
-•lies,  situated  in  Egypt  proper.  The  first  lies^  on  the.  east  of  the  Nile  at  Gebel 
'Chebrewet;.  the  seoond,  situated  on  the  west  of  the'  Nile,  is  that  of  the  Oasis  of 
Baharia  in  the  nudst  of  the  Eocene  plateau  of  the  Libyan  Desert.  The  latter  also 
«how8  wood'(PalmiMry2oft)  cohveried  into  limonite,  and  well-preserred  impression  of 
pieotyledonons  leayes  in  the  same  matrix.  This  exposure  promises  to  aiford  Taluable 
inffomation  as  to  the  Chalk-flora  of  Egypt. 
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Eocene  in  tbis  area  was  found  to  be  marked  by  a  strong  uncon* 
formity  and  overlap.  Tbis  bad  never  been  previously  recognized  in 
^gypt  In  1898  tbe  existence  of  tbick  bone-beds,  probably  of  con- 
siderable commercial  value,  was  discovered  in  tbe  Oasis  of  Dakbla. 
Again,  in  1897,  in  tbe  Abu  Roascb  district,  near  tbe  Pyramids  of 
Giza,  the  junction  of  the  Cretaceous  and  Eocene  was  again  found  to 
be  unconformable,  instead  of  being  marked  by  lines  of  fault,  as 
formerly  supposed.  Jn  the  Western  desert,  and  in  one  case  in  tbe 
Eastern  deseii;  also,  igneous  intrusions  have  been  discovered  at 
isolated  spots  in  the  sedimentary  areas. 

Tbis  brief  statement  of  a  few  of  my  own  results  is  rendered  still 
more  necessary  in  view  of  tbe  fact  that  there  are  at  the  present  time 
several  observers  about  to  visit  the  same  regions.  The  details  con- 
nected with  these  questions  will  probably  be  dealt  with  in  the 
Survey  Memoirs.  Hugh  J.  L.  Beadmell. 

Cairo,  Ith  Dec^ber,  1899. 


ORGANIC  REMAINS  FROM  CAMBRIAN  ROCKS  OF  BRAY. 

Sir, — The  question  of  the  age  of  the  ancient  beds  of  Bray  and 
Howth  has  recently  attracted  some  attention  in  connection  with  the 
additions  to  our  knowledge  of  Cambrian  and  Pre-Cambrian  rocks  in 
other  places.  The  true  nature  of  the  real  or  supposed  fossils  in  these 
Irish  beds  is  therefore  an  urgent  one.  Oldhamia  has  been  obliged  to 
submit  to  a  verdict  of  Not  proven,  at  the  best.  It  is  naturally  asked 
whether  Histioderma  is  to  meet  with  a  similar  fate.  Unfortunately, 
inquiries  from  various  workers  elicited  the  fact  that  tbe  type- 
specimen  was  missing  from  the  Irish  Survey  Collection. 

Recently,  however,  in  rean-anging  the  mineral  collection  of  the 
Royal  College  of  Science  for  Ireland,  we  were  fortunate  enough  to 
find  four  specimens  of  BUiioderma,  with  their  original  tablet ;  these 
have  now  been  restored  to  the  Survey  Collection,  and  will  be^ 
exhibited  in  the  Museum  of  Science  and  Art,  Dublin.  Two  of  the 
specimens  are  the  internal  and  external  casts  of  the  same  object,  the 
former  being  the  actual  specimen  figured  as  BUtioderma  Hibemicum 
by  Dr.  J.  R.  Kinahan  in  his  paper  **  On  the  Organic  Relations  of  the 
Cambrian  Rocks  of  Bray  and  Howth ;  with  Notices  of  the  most 
i*emarkable  Fossils":  Joum.  Geol.  Soc.  Dublin,  voL  viii  (1858), 
pp.  68-72,  pi.  vi,  fig.  2. 

A  moment's  examination  of  the  actual  specimens  is  enough  to 
remove  all  doubt  of  the  organic  nature  of  Eistioderma,  It  consists 
of  a  cup-shaped  expansion,  with  two  sets  of  approximately  parallel 
ridges  which  intersect  each  other  obliquely,  and  a  conical  root-like 
continuation  below.  Without  denying  the  possibility  of  the  correct- 
neas  of  Kinahan's  explanation  that  the  ridges  represent  the  tentacles 
of  an  annelid,  we  cannot  help  thinking  that  the  general  appearance 
rather  suggests  that  they  are  lines  of  thickening  in  a  continuous 
muscular  envelope.  Qbknville  A.  J.  Cols. 

John  W.  Evans. 
Royal  Collxov  of  Scikxcb  for  lasiJLN'D. 
Deetmber  16,  1899. 
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I.— Emimknt  Liying  Oeologists:  Key.  Osmond  Fishkb, 
M.A.,  F.G.S. 

(WITH  A  PORTRAIT,  PLATE  in.) 

rB  subjeot  of  this  notioe  belongs  to  a  family  of  whioh  several 
members  have  oconpied  high  positions  as  clergymen  and 
scholars.  His  father,  the  Yen.  John  Fisher,  the  early  friend 
and  patron  of  Constable,  was  Archdeacon  of  Berks,  Canon  of 
Salisbury,  and  Yicar  of  Osmington  and  Qillingham  in  Dorset; 
his  grandfather,  the  Kev.  Philip  Fisher,  D.D.,  was  Master  of 
the  Charterhouse ;  and  his  great-uncle,  the  Kev.  John  Fisher,  was 
preoeptor  to  the  Princess  Charlotte,  and  subsequently  Bishop,  first 
of  Exeter  and  afterwards  of  Salisbury. 

Osmond  Fisher  was  born  at  Osmington  on  November  17,  1817, 
and  was  named  after  the  patron  saint  of  his  father's  church.  The 
district  is  an  interesting  one  for  geologists,  and,  while  a  mere  child, 
Osmond  used  to  accompany  his  uncle,  the  Rev.  George  Cookson, 
when  collecting  fossils  in  the  neighbouring  cliffs.  At  the  age  of  11 
he  was  sent  to  Eton,  where  two  years  were  spent  under  the 
fiery  Dr.  Keate  without  his  receiving  a  single  lesson  in  arithmetic. 
A  year  at  home,  spent  in  pursuing  his  natural  bent  for  science,  was 
followed  by  his  removal  to  the  house  of  his  uncle,  the  Rev.  W. 
Fisher,  at  Poulshot,  in  Wiltshire.  Here  he  took  up  geology  again, 
made  out  the  structure  of  the  neighbourhood  (on  the  same  horizon 
as  Osmington),  and  collected  fossils  from  the  Coral  Rag  and  other 
strata,  some  of  whioh  are  now  in  the  Woodwardian  Museum.  During 
the  next  two  years  he  lived  with  his  grandfather,  the  Master  of  the 
Charterhouse,  and  studied  at  King's  College,  London,  where  he 
began  to  read  mathematics.  He  also  heard  one  or  two  lectures 
from  Lyell  and  Daniell,  who  were  then  Professors  at  the  College, 
and  roamed  about  the  geological  galleries  of  the  British  Museum. 

In  1836  Fisher  proceeded  to  Jesus  College,  Cambridge;  and, 
ihoagh  equally  capable  of  taking  a  classical  degree,  fortunately 
decided  on  a  mathematical  career.  After  degrading  a  year  on 
aooount  of  iU-health,  he  graduated  as  18th  wrangler  in  1841.  He 
was  ordained  deacon  in  1844,  and  at  once  took  the  sole  charge  of 
his  undo  Mr.  Cookson's  living  at  Writhlington,  near  Radstock,  in 
the  Somerset  Coalfield,  and  was  also  elected  a  Fellow  of  his  College. 
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In  1845  he  was  ordained  priest,  resided  for  a  sbort  time  at 
Cambridge,  and  in  the  following  year  was  appointed  curate-in- 
dharge  of  All  Saints,  Dorchester,  where  he  lived  for  seven 
years.  Here  his  leisure  time  was  spent  in  geologizing  along  the 
Ridgway  fault  and  in  the  neighbourhood  generally.  He  frequently 
visited  his  nnole,  Mr.  Gookson,  at  Poorstock,  near  Bridport,  and 
ooUected  many  fossils  from  the  Inferior  Oolite  there,  whioh  are 
now  in  the  Woodwardian  and  Dorset  Oounty  Museums,  the  latter 
of  whioh  he  assisted  in  founding.  While  he  was  at  Dorchester  the 
Qeological  Survey  began  mapping  the  district,  and  Mr.  Fisher  was 
able  to  give  many  hints  to  Mr.  Bristow,  who  was  in  charge  of  the 
work.  He  also  met  A.  0.  Bamsay  and  E.  Forbes  when  they  came 
down  to  inspect  its  progress. 

In  1853  Mr.  Fisher  became  tutor  of  Jesus  College,  Cambridge. 
He  had  on  previous  occasions  attended  some  of  Sedgwick's  lectures, 
and  so  made  an  acquaintance,  which  now  ripened  into  friendship. 
Sedgwick  had  been  his  proposer  when  he  was  elected  a  Fellow  of 
the  Geological  Society  in  1852. 

The  busy  life  of  a  College  tutor  left  little  leisure  for  geology  in 
term-time,  but  the  vacations  were  still  spent  in  Dorchester,  where 
he  worked  hard  at  the  Purbeck  rocks.  The  results  of  his  studies 
are  contained  in  a  paper  read  before  the  Cambridge  Philosophical 
Society  in  1854.  The  greater  part  of  the  collections  he  made  at  this 
time  are  now  in  the  Woodwardian  Museum,  and  include  a  series  of 
fossil  insects  which  have  never  yet  been  described.  He  afterwards 
took  up  the  geology  of  the  Bracklesham  Beds,  and  gave  (he  results 
of  his  investigations  in  a  paper  read  before  the  Greologioal  Society 
in  1862.  The  fossils  then  obtained  are  likewise  to  be  found  in  the 
Woodwardian  Museum. 

In  1857  Mr.  Fisher  was  presented  by  his  College  to  the  living 
of  Elmstead,  near  Colchester,  and  was  married  to  Maria  Louisa, 
daughter  of  Mr.  Hastings  N.  Middleton,  then  residing  at  Ilsington 
House,  near  Dorchester.  While  at  Elmstead  he  spent  a  week  with 
Henslow  in  Suffolk,  and  afterwards  collected  a  little  from  the  Crag 
and  Pleistocene  beds  at  Walton-on-the-Naze.  In  the  absence  of 
other  more  interesting  subjects,  he  now  turned  his  attention  to 
denudation.  His  work  on  the  '  trail,'  which  was  done  at  this  time, 
is  perhaps  one  of  the  most  important  of  his  purely  geological 
investigations.  In  1867  he  removed  to  Harlton  Bectory,  another 
College  living,  but  shortly  afterwards  was  left  a  widower,  with  ^yq 
sons,  all  of  whom  are  now  living.^ 

Harlton  is  a  quiet  country  village  about  six  miles  from  Cambridge, 
far  enough  from  railway-lines  and  main  roads  to  acquire  a  certain 
sense  of  retirement,  but  close  enough  to  a  great  centre  of  learning  to 
stimulate  thought  and  encourage  original  investigation.  There  are 
few  villages  in  Englandi  so  well  known  by  name  to  geologists,  many 
of,  whom  have  experienced  the  kindly  hospitality  of  its  present 
Bector. 

^  Some  of  the  facts  above  giyen  are,  by  the  kind  permiasion  of  the  anonymoiis 
author,  tal^en  from  an  article  in  the  Cambridge  Review,  March  16,  1893. 
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Mr.  Fisher's  removal  to  Harlton  was  almost  ooncurrent  with 
a  ehange  in  the  nature  of  his  work.  Fore  geology  was  not,  indeed, 
neglected,  hnt  it  gradually  gave  plaoe  to  the  study  of  the  great 
problems  presented  for  solution  by  the  earth's  orust.  The  British 
Association  met  at  Norwich  in  1868,  and  Mr.  Fisher  was  invited  to 
open  the  proceedings  of  the  Geological  Section. with  a  paper  on  the 
**  Denudations  of  Norfolk."  The  coprolite  deposits  of  the  Cambridge 
Oreensand  and  the  mammaliferous  deposits  at  Barrington  also  occu- 
pied a  good  deal  of  his  attention,  and  form  the  subjects  of  papers 
read  before  the  (Geological  Society  in  1872  and  1879. 

It  is  interesting  to  notice  that  Mr.  Fisher,  who  is  now  the  foremost 
opponent  of  the  contraction  theory,  was  many  years  ago  one  of  its 
strongest  advocates.  He  was,  indeed,  an  independent  discoverer  of 
the  theory.  It  occurred  to  him  as  early  as  1841,  the  year  in  which 
he  took  his  degree,  and  was  suggested  by  the  ridging  up  of  cracked 
and  re-frozen  ice  in  one  of  the  locks  of  the  river  0am.  In  his  delight 
at  the  discovery,  he  tells  us,  he  forthwith  vaulted  over  a  five-barred 
gate.  The  idea,  however,  lay  apparently  dormant  for  many  years ; 
and  it  was  not  until  April,  1868,  that  the  first  of  his  three  well- 
known  memoirs  was  read  before  the  Cambridge  Philosophical 
Society.  At  this  time  Mr.  Fisher  was  orthodox  in  his  views.  He 
accepted  the  solidity  of  the  earth's  interior  on  the  authority  of  Lord 
Kelvin  as  "almost  certain,"  and  considered  that  the  outer  crust 
would  lose  the  support  of  the  inner  portions  "  probably  from  the 
e£fect8  of  contraction  in  cooling." 

When  he  is  presented  with  a  new  theory,  Mr.  Fisher's  first 
impulse  is  to  test  it  numerically.  The  cause  invoked  may  be  a  true 
one,  but  is  it  also  sufficient  ?  Is  it  capable  of  producing  effects  of 
the  amount  as  well  as  of  the  kind  observed  ?  Here  the  mathe- 
matician steps  in  with  advantage  and  offers  useful  aid  to  the 
geologist.  In  Mr.  Fisher's  first  memoir  the  process  is  applied  to 
the  contraction  theory.  He  shows  that,  if  an  outer  spherical  shell 
could  be  isolated  from  the  mass  within,  it  would  at  once  be  crushed 
by  lateral  pressure  till  it  rested  on  that  mass.  The  contraction 
iheoTj  thus  invokes  a  true  cause  of  rock-folding.  To  prove  the 
sufficiency  of  the  theory,  he  calculates  roughly  the  order  of  magni- 
tude which  mountain-ranges,  if  so  formed,  might  be  expected  to 
assume ;  and  concludes  that  **  the  theory  seems  to  be  at  any  rate  not 
deficient  in  its  capability  for  producing  the  results  attributed  to  it." 

ilve  years  later,  in  June,  1873,  we  find  Mr.  Fisher  defending  the 
contraction  theory  against  Captain  F.  W.  Hutton  in  the  pages  of  this 
Magaziks;  but,  within  a  very  few  months,  his  allegiance  to  the 
theory  must  have  begun  to  waver.  The  paper  referred  to  contains 
the  groundwork  of  his  estimate  of  the  mean  height  of  the  surface- 
devations  of  the  globe.  He  was  then  led  to  calculate  more  closely 
the  mean  height  of  the  elevations  that  would  be  produced  by  the 
contraction  of  the  earth  in  cooling ;  and  his  work  is  described  in 
a  second  memoir  read  before  the  Cambridge  Philosophical  Society  in 
December,  1873.  The  discrepancy  is  so  great  (more  than  9000  feet 
in  the  one  case,  and  less  than  800  feet  in  the  other)  that  Mr.  Fisher 
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felt  oompelled  to  give  np  the  oontraotion  theory  in  its  original  form. 
Crust-folding  he  still  attributed  to  lateral  pressure  brought  into 
action  by  a  shrinking  interior,  and  he  refers,  though  not  wiSi  entire 
approval,  to  the  view  which  he  repeated  in  the  first  edition  of  his 
future  work  that  the  earth  consists  of  a  solid  crust  and  nucleus  with 
an  intervening  liquid  layer.' 

The  third  of  the  Cambridge  memoirs,  read  in  February,  1875,  shows 
that  his  belief  in  such  a  constitution  had  gradually  strengthened ;  for 
he  investigates  the  form  into  which  a  uniformly  thin  flexible  crust 
would  be  thrown  if  the  support  of  the  liquid  substratum  were  from 
any  cause  withdrawn. 

About  this  time,  the  direction  of  Mr.  Fisher's  inquiries  was  slightly 
changed.  Mr.  Mallet  had  shortly  before  published  his  well-known 
memoir  dealing  with  the  origin  of  volcanic  energy.  There  is 
a  fascination  about  the  theory  he  advanced,  but  Mr.  Fisher's 
quantitative  analysis  at  once  laid  bare  its  weak  point,  though  several 
months  elapsed  before  the  controversy  was  closed. 

The  evening  of  an  active  life  can  hardly  be  better  employed  than 
in  revising  the  work  of  earlier  years,  and  this  is  especially  the 
case  when  that  work  has  been  devoted  mainly  to  the  solution  of 
a  connected  series  of  problems.  It  can  then  be  regarded  almost 
as  calmly  as  if  it  were  another  man's ;  there  is  ample  time  for 
considering  criticisms  without  bias,  for  filling  up  gaps,  and  for 
exhibiting  all  the  different  portions  in  their  true  relations  to  one 
another.  In  1880,  at  the  age  of  63,  Mr.  Fisher  began  the  work 
with  which  his  name  will  always  be  connected.  The  ''Physics 
of  the  Earth's  Crust "  is,  however,  not  merely  a  reprint  or  revision. 
It  included,  indeed,  all  those  parts  of  his  memoirs  which  seemed 
to  him  worthy  of  preservation,  but  the  additional  material  forms 
a  notable  fraction  of  the  whole.  The  book  was  published  at  the 
end  of  1881,  and  in  spite  of  its  highly  technical  character,  has  from 
the  very  first  met  with  a  considerable  sale. 

Many  a  man,  after  so  great  a  success,  might  have  been  content  to 
rest  upon  his  laurels.  But  Mr.  Fisher  seems  to  have  regarded  this 
first  edition  as  a  mere  instalment,  as  a  kind  of  guarantee  that  his 
work  should  not  be  wasted  by  sudden  illness  or  death.  During  the 
years  which  followed  he  has  not  ceased  to  strengthen  his  theory,  by 
building  up  fresh  defences  and  by  raids  into  the  enemy's  country. 
By  1889  a  second  edition  had  in  his  opinion  become  necessary  (tho 
remainder  of  the  first  being  withdrawn  from  sale),  and  in  1891  thia 
was  supplemented  by  an  appendix  of  three  additional  chapters. 

Besides  the  papers  incorporated  in  the  "  Physics  of  the  Earth's 
Crust,"  Mr.  Fisher  has  written  many  others,  which  have  appeared 
in  different  scientific  journals.  The  last  of  the  series  was  published 
only  seven  months  ago  in  the  Philosophical  Magazine,  and  deala 
with  the  residual  effect  of  a  former  Olacial  epoch  upon  underground 
temperature. 

The  G^logical  Society,  always  so  ready  to  welcome  the  contribu- 
tions of  mathematical  geologists,  awarded  Mr.  Fisher  the  balance  of 

^  At  present  he  regards  the  solidity  or  otherwise  of  the  nudeus  an  open  qnestion* 
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the  proceeds  of  the  Lyell  Fund  in  1887,  and  the  Murchison  Medal 
in  1893.  In  1878  he  was  appointed  Honorary  Fellow  of  King's 
Odlege,  London,  and  in  1893  Honorary  Fellow  of  Jesas  College, 
Cambridge.  In  1895  his  portrait  was  painted  by  Mr.  Coney.  A  copy 
of  the  picture  was  subsequently  made  by  Mrs.  H.  A.  Morgan,  and 
aooepted  by  the  Society  of  Jesus  College,  in  the  hall  of  which  College 
it  now  hangs.  The  admirable  photograph  here  reproduced  was  taken 
by  Mr.  R  H.  Lord  of  Cambridge  in  1898. 

The  "  Physios  of  the  Earijh's  Crust "  with  its  appendix  may  be 
said  to  consist  of  two  distinct  parts,  a  destructive  part  and  a  con- 
structive part.  In  the  first  Mr.  Fisher  is  chiefly  occupied  by 
a  criticism  of  the  contraction  theory  from  the  point  of  view  of  its 
insufficiency  to  account  for  existing  elevations.  If  his  assumptions 
are  all  correct,  there  can  be  little  doubt  that  he  has  proved  his  case, 
whether  the  interior  be  wholly  solid  or  partly  liquid,  and  whether 
(he  shrinking  of  the  nucleus  be  due  to  loss  of  heat  or  loss  of  included 
steam  by  means  of  volcanic  eruptions.  Of  the  other  and  more 
valoable  part,  there  is  no  need  to  insert  any  description  here. 
Mr.  Fisher  has  himself  given  an  exhaustive  summary  in  his  con- 
cluding chapters  for  the  benefit  of  non-mathematicians,  and  every 
good  textbook  of  geology  contains  some  account  of  it  On  re-reading 
the  book  after  the  lapse  of  several  years,  the  points  which  chiefly 
strike  one  are  perhaps  the  wonderfully  close  agreement  between  the 
theory  and  the  phenomena  to  be  explained  by  it,  and  the  ingenious 
manner  in  which  the  physical  objections  to  Uie  existence  of  a  liquid 
substratum  are  encountered. 

It  is  impossible  at  the  present  time  to  make  any  estimate  of  the 
permanent  value  of  Mr.  Fisher's  work.  There  can  be  no  doubt  that 
it  is  more  highly  appreciated  in  foreign  countries  than  it  is  in 
England ;  for  Mr.  Fisher's  views  are  generally  regarded  as  un* 
orthodox  here,  while  abroad  the  balance  is  probably  in  their  favour. 

It  is  unfortunate  that  English  opinion  as  to  the  condition  of  t^e 
earth's  interior  should  be  mainly  led  by  a  few  mathematicians  whose 
chief  interests  lie  elsewhere.  No  controversialist  is  bound,  or  can 
be  bound,  to  examine  every  criticism  of  his  work,  but  so  long  as 
careful  and  conscientious  criticisms  are  left  unanswered,  the  judg- 
ment of  others  with  regard  to  that  work  must  be  held  in  suspense. 
Mr.  Fisher's  investigations  cannot  be  brushed  aside  as  of  little  or  no 
consequence.  We  may  or  may  not  believe  in  the  practical  solidity 
of  the  earth's  interior ;  but,  if  we  do  consider  this  view  as  the  more 
probable,  we  cannot  but  feel  that  the  objections  which  he  has  offered 
require  serious  examination,  and  that  our  lines  of  communication  fof 
farther  advances  are  menaced  until  his  attack  is  definitely  repelled. 

In  reflecting  on  Mr.  Fisher's  work  as  a  whole,  one  cannot  help 
being  struck  by  his  self-sacrificing  boldness.  It  is  no  light  thing 
for  a  thoughtful  man  to  spend  the  better  part  of  thirty  years'  leisure 
in  working  out  a  theory  Uie  foundation  of  which  may  be  swept  away 
by  some  future  discovery.     In  such  a  position  many  of  us  would 

Surd  our  work  with  jealous  watchfulness  from  all  unfriendly  glances, 
t  at  fourscore  years  and  more,  Mr.  Fisher  welcomes  criticism ;  his 
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only  oomplaint  is  that  he  oannot  get  enough  of  it  What  he  most  of 
all  desires,  and  what  his  patient  labour  deserves,  is  that  his  woi^k 
should  be  subjeoted  to  a  searching  examination.  But  until  his 
oonolusions  are  proved  to  be  wrong,  we  may  fairly  claim  a  wide 
toleration  for  whatever  views  on  the  physics  of  the  earth's  crust 
seem  to  us  most  nearly  in  accordance  with  the  nature  of  geological 
phenomena. 

Some  time  or  othpr,  i^o  doubt,  Mr.  Fisher's  chief  life-work  will 
be  weighed  in  the  balance.  Whether  it  be  found  wanting' or  not, 
no  one  will  dispute  that  he  has  solved  one  problem  with  complete 
success.  However  bitterly  he  may  have  been  attacked,  his  courtesy 
has  never  failed.  He  is  one  of  the  few  men  whose  part  in 
oontroversy  has  enriched,  and  never  degraded,  science.  He  can 
look  back  upon  a  long  life  of  fruitful  labour  and  of  kindly  service 
to  his  fellow-men.  At  the  same  time  he  can  reflect  that  he  has  never 
written  a  harsh  word  that  he  could  now  wish  to  be  withdrawn. 

C.  Davison, 


II.-*Nbw   Fossil  Bird   and    Fish  Remains  fbom  the  Middu 
Eocene  of  Wyoming. 

By  Charles  E.  Eastman,  Cambridge,  Mass. 

(PLATE  IV.) 

rE  Green  River  Shales  of  Wyoming  have  long  been  noted  for  their 
numerous  and  beautifully  preserved  fossil  fishes.  Fragmentary 
traces  of  bird-remains  have  been  met  with  in  the  same  horizon  from 
time  to  time  since  the  year  1869,  when  the  first  fossil  feather 
reported  from  North  America  was  obtained  by  Dr.  F.  V.  Hayden.* 

During  the  past  summer  the  Museum  of  Ooraparative  Zoology 
at  Cambridge,  Massachusetts,  has  come  into  possession  of  two 
remarkable  specimens  from  the  fish-bearing  shales  near  Fossil, 
Wyoming.  One  of  these  is  a  gigantic  Lepidosteid,  of  which  only 
detached  scales  and  vertebrao  have  hitherto  been  known ;  the  other 
is  a  nearly  perfect  skeleton  of  a  gallinaceous  bird.  It  is  the  writer's 
intention  to  present  a  detailed  description  of  both  fossils  at  some 
future  time,  but  meanwhile  it  is  possible  the  following  notes  may 
be  of  interest 

QaUinuloideB  WyomingeMia,  gen.  et  sp.  nov.     (Plate  IV.) 

Short-billed,  stout-legged  birds  attaining  the  size  of  a  gallinule^ 
rail,  or  small  coot,  and  resembling  these  forms  in  general  characters. 
Ooraooid  straight  and  stout,  without  subclavicular  process ;  furculum 
V-shaped,  yriSx  well-developed  hypodeidium.  Wings  short,  bonea 
of  hind-limb  of  medium  length.  Femur  one-fifth  and  tibia  rather 
more  than  two-thirds  longer  than  the  tarso-metatarsus.  The  latter 
is  flattened  from  back  to  front,  has  moderately  expanded  extremities, 
and  a  deep  anterior  channel  occupying  nearly  the  total  length,  whioh 
in  the  type  measures  34  mm. ;  seoond  trochlea  slightly  shorter  than 
the  fourth,  and  not  produoed  towards  the  inner  side.    Lateral  toes 

*  Amer.  Joum.  Sci.  [8],  toI.  xi  (1870),  p.  272. 
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Gallinuloides  Wyomingensis^  gen.  et  sp.  nov 

Middle  Eocene  :  near  Fossil,  Wyoming. 
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snbeqiial,  abont  two-thirds  as  long  as  the  middle  one,  and  hallux 
one-third  as  long ;  middle  digit  and  tarso-metatarsus  of  equal  length. 
Plamage  unknown. 

The  general  appearance  of  this  specimen  is  shown  in  the 
accompanying  Plate,  which  is  reproduced  from  a  photograph  with- 
oot  retouching.  It  will  be  seen  that  the  body  lies  with  its  right 
side  embedded  in  the  matrix,  the  right  hind-limb  in  advance  of  the 
lefty  the  humeri  elevated  and  overlying  a  bend  in  the  neck.  The 
right  fore-wing  is  wanting,  and  the  left  is  doubled  over  so  as  to 
expose  the  humerus  from  the  palmar  and  the  remaining  wing-bOnes 
from  the  opposite  or  ventral  aspect.  The  pelvis  also  is  seen  from 
the  ventral  side,  the  right  hind-limb  from  in  front,  and  the  left 
partly  from  in  front,  partly  from  one  side.  Thus,  one  of  the 
femora  presents  a  lateral  and  the  other  an  anterior  view,  but  the 
ooraooids  and  soapuln  are  so  turned  as  to  exhibit  mutually  oorre« 
sponding  sides. 

To  speak  of  the  imperfections  first,  the  ribs  are  broken  and 
confused,  the  caudal  vertebrsa  are  wanting,  the  dors^  displaced 
and  in  part  scraped  away  by  careless  use  of  tools  in  the  hands 
of  a  collector,  and  the  cervicals  in  part  concealed  by  the  humeri. 
Between  the  scapulae,  and  between  the  humeri  and  occiput,  the 
vertebral  column  appears  largely  in  section,  owing  to  unfortunate 
mutilation.  Most  serious  of  all,  however,  is  the  damage  done  to 
the  head,  the  bone-substance  being  so  cut  into  or  scraped  away 
as  to  make  it  impossible  to  distinguish  the  separate  elements. 
Depredations  of  this  nature  are  wholly  inexcusable,  and  cannot  be 
too  severely  censured. 

The  BUrmun  is  well  shown  in  lateral  aspect,  its  body,  however, 
being  much  compressed.  The  latter  gives  off  a  very  long  and 
slender  intermediate  xiphoid  process,  and  a  stouter  and  shorter 
external  xiphoid,  the  distal  extremities  of  both  being  expanded. 
The  costal  condyles  for  articulation  with  the  sternal  ribs  are  very 
small,  and  the  costal  process  of  only  moderate  proportions.  There 
is  a  well-developed  rostrum  or  manubrium,  and  the  coracoid  grooves 
are  broad  and  deep.  The  coracoids  themselves  are  relatively  short 
and  stout,  without  subclavicular  processes  and  foramina;  their 
sternal  facets  are  considerably  arched,  and  there  is  a  fsiint  hyostemal 
process.  The  clavicles  form  a  narrow  V-shaped  arch,  implying 
reduced  powers  of  flight  The  scapul»  are  long  and  slender,  with 
well-developed  glenoidal  and  acromial  processes,  and  are  not  distally 
expanded. 

The  bones  of  the  fore'Umb  do  not  require  special  comment  The 
right  humerus  is  seen  in  radial  upect,  and  shows  a  broad  delto- 
peotoral  crest  and  prominent  distal  condyles.  The  latter  are 
eepecially  well  displayed  in  the  palmar  view  presented  by  the  left 
humerus.  Effects  of  pressure  are  apparent  in  the  extreme  width  of 
the  remaining  wing-bones.  It  is  possible,  in  addition,  that  the 
nine  of  both  wings  are  superimposed  or  are  crushed  contiguous  to 
one  another.  Since  the  photogpraph  was  taken,  all  the  limb-joints 
have  been  more  fully  exposed  with  the  point  of  a  needle. 
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The  petvU  leaves  maoh  to  be  desired  in  the  way  of  preservatioo. 
It  presents  the  visoend  aspect  to  view,  the  saoro-iliac  roof  being 
embedded  in  the  rock;  part  of  the  sacrum  is  concealed  by  the 
overlying  left  femar.  The  anterior  border  of  the  ilium  is  convex ; 
the  post-aoetabular  portion  is  broader  than  the  fore  part,  but  of 
about  equal  length.  The  right  acetabulum  is  distinctly  shown,  and 
measures  3*5  mm.  in  diameter.  Just  behind  it  lies  the  elongate- 
elliptical  ischiadic  foramen,  and  at  the  junction  with  the  pubis  is 
seen  a  very  small  obturator  foramen.  The  pubes  are  long  and 
delicate,  slightly  convex  outward,  and  do  not  appear  to  have  been 
attached  to  the  ischia  posteriorly.  Only  the  first  two  caudal 
vMrtebrso  are  preserved.  Ooncretionary  structures  are  the  cause  of 
the  discolorations  in  line  with  the  distal  extremities  of  the  pubes, 
and  adjacent  to  the  left  scapula. 

The  bones  of  the  hind-limb  are  all  more  or  less  flattened  by 
pressure.  The  femora  are  stout,  nearly  straight,  and  exhibit 
moderate  •  sized  rotular  channels  and  distal  condyles.  The  left 
tibia  is  see^  from  the  fibular  side,  with  the  fibula  itself — together 
Mrith  the  procnemial  and  ectocnemial  processes  —  very  mudi 
flattened.  Of  the  distal  condyles  the  inner  is  slightly  the  larger  in 
fore-and-aft  extent,  the  outer  in  transverse.  An  oblique  bridge 
over  the  groove  for  the  extensor  tendons  is  faintly  indicated  close  to 
the  condyles.  The  tarso-metatarsus  is  flattened  from  front  to  back, 
traversed  by  a  deep  longitudinal  groove  along  nearly  the  entire 
anterior  face,  has  the  external  tibial  facet  on  a  lower  level  than  the 
internal,  and  the  second  and  fourth  trochlesd  of  about  equal  size. 
The  phalangeals  of  the  first  three  toes  are  of  about  the  same 
proportions  as  in  the  common  pigeon,  those  of  the  fourth  toe  are 
longer.  The  proportions  of  principal  parts  are  given  in  the 
subjoined  table: — 

TaBLB  of  MBASURBlOirTS. 

Leiig:th  in  mm.  Length  in  mm. 


Head       48 

Scapnla    48 

Coracoid 27 

Fnrculum        ...  33 

Crista  sterni    ...  68 

HnmeniB 47 

Ulna        49 

Eadinf     46 


Manns      46 

Femur      42 

Tibia        68 

Tarso-metatanns     34 

I.  Digit  (7+4)       11 

II.  „     (11+8  +  6)       26 

III.  „     (12  +  10  +  8+6)       ...  36 
rV.     „     (7-6  +  6-6  +  4+4+P4)  26 

Height  of  knee-joint  (estimated)  ...      90  mm. 
Total  height  (estimated)        220  mm. 


Six  cervical  vertebras  are  discernible  in  section  between  theoocipnt 
and  distal  portion  of  the  left  humerus,  the  length  of  the  series  being 
4*5  mm.  Possibly  six  or  seven  more  lie  concealed  beneath  the 
bnmeri  and  glenoidal  end  of  the  right  scapula.  Measuring  along 
the  loop  indicated  by  the  position  of  the  vertebral  column  gives 
a  length  of  85  mm.  for  the  entire  series  of  cervicab ;  the  length  of 
the  dorsal  series  cannot  be  precisely  estimated. 

BelatioMhipa. — ^The  characters  outlined  in  the  above  cannot  be 
brought  into  strict  agreement  with  any  one  modem  ornithic  fiuKiilj, 
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Imt  appear  to  be  transitional  between  trne  gallinaceons  birds 
and  ^  group  typified  by  coots,  rails,  and  gallinoles.  With 
tbe  last-named  the  present  skeleton  exhibits  a  number  of 
featnres  in  oommon,  and  there  is  also  some  resemblance  to 
cnraasows.  An  anneotant  type  or  a  generalized  organization  is 
exactly  what  we  should  expect  to  find,  considering  the  antiquity  of 
tiie  remains.  For  palsdontologioal  purposes,  the  limits  of  modem 
btrd-divisions  must  be  considerably  extended,  and  this  becomes  the 
more  imperative  the  further  we  recede  in  geologic  history.  Hence, 
in  the  present  instance,  we  shall  not  be  very  far  wrong  in  assigning 
to  the  new  form  a  position  intermediate  between  the  orders 
Palndioolad  and  Gallinsd,  as  these  are  commonly  understood. 

From  the  late  Tertiary  of  America  a  number  of  representatives  of 
the  two  last-named  orders  have  been  described  by  Gope,^  Marsh,' 
and  Shnfeldt,'  but  so  far  as  the  writer  is  aware  but  one  genus,  and 
that  a  crane  {AUtomiB^  Marsh),  is  known  from  the  Eocene.  The 
fragments  described  by  Marsh  as  TdmaiomiB  priscua  and  2'.  quints 
from  the  Cretaceous  marls  of  New  Jersey  are  referred  by  him  to  the 
Ballidaa.  BMus  itself  and  typical  Gallinsd  are  first  met  with  in  the 
Upper  Eocene  of  Europe. 

LepidoBieus  atrox,  Leidy. 

Only  one  of  the  eight  *  species  '  of  Lepidosteids  described  by 
Leidy,  dope,  and  Marsh,  from  the  American  Tertiary,  is  founded 
upon  anything  like  a  complete  fish.  This  is  Lepido$teu8  eunecUiu 
(Oope),  a  small  form  about  30  cm.  in  length,  from  the  Miocene  of 
Oentral  Utah.  The  remainder  are  established  upon  detached  scales, 
jaw-fragments,  and  vertebras,  many  of  them  too  imperfect  for  generic 
determination*  Our  knowledge  of  European  Lepidosteids  is  likewise 
ooofined  to  the  same  class  of  fragments.  The  fact  is,  fossil  gars  are 
▼ary  rare,  and  are  known  only  from  Eocene  and  Lower  Miocene 
honaons. 

Oope^  observed  that  in  French  examples  the  maxillary  is  much 
len  segmented  than  in  recent  gars ;  also  that  two  of  the  American 
mpmm  {L,  airox,  Leidy,  and  L.  glaber,  Marsh)  have  the  **  mandibular 
lamiia  without  or  with  reduced  fissure  of  the  dental  foramen,  and 
without  the  groove  continuous  with  it  in  Lepidoiteus.**  Upon  such 
alight  differences  he  erected  the  new  genus  O^attos,  to  which  all  the 
American  species  are  commonly  referred.  The  complete  specimen 
obtained  this  summer  from  Fossil,  Wyoming,  proves  that  a  generio 
wparatkm  from  Lepido$teu$  is  impossible ;  the  name  Claatea  there- 
Unm  beoomes  a  synonym,  and  it  is  further  probable  that  the  so-called 
Obutot  amQ9  of  Oope  is  identical  with  Leidy's  X.  atrox. 

Tha  new  specimen  is  beautifully  preserved  as  a  whole,  the  only 
aarioas  defect  being  that  the  cranial  bones  are  more  or  less  crushed. 

»  Bin.  U.S.  Oeol.  Sunr.  Terr.,  toI.  ir  (1878),  No.  2. 

»  AmK.  Jowtt.  Sd.  [8],  rol.  ii  (1871),  p.  126;  ibid.,  rol.  if  (1872),  pp.  266-8; 
fhw.  Aetd.  Nat.  Sd.  Philad.,  1870,  p.  11. 

»  Jonni.  Acsd.  Nat.  8ci.  Philad.,  vol.  ix  (1892),  pp.  411-416. 

*  « TtetiarT  Tertebrata,"  bk.  i,  p.  53  (Kept.  U.S.  Oeol.  Surr.  Terr.,  rol.  iii, 
ISM). 

^^'  Ti§itizediDy  VjUOQIC 
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The  tail  and  hinder  part  of  the  trank  present  the  right  lateral  aspeoi 
to  yiew,  but  the  remainder  of  the  body  lies  sqaarely  on  the  ventral 
surface  and  is  flattened  out  symmetrioaily  on  both  sides  by  pressure. 
The  fins  are  superbly  preserved,  and  with  their  bundles  of  finely 
articulated  rays  and  fringe  of  biserial  fulcra  make  a  striking  appear- 
ance. The  total  length  of  the  fish  is  1*7  m.,  of  which  the  head  forms 
about  0*5  m.  In  point  of  size,  relative  length  of  head,  fin-structure, 
and  squamation,  there  is  a  very  dose  resemblance  to  the  recent 
Alligator  gar,  or  L.  viridis,  Oiinther;  the  dentition  is  much  the 
same,  and  the  number  of  longitudinaJ  and  transverse  scale-series 
is  the  same  in  both.  A  detailed  description  of  the  new  specimen 
will  form  the  subject  of  a  separate  paper ;  it  will  be  sufficient  for 
the  present  to  point  out  that  the  modern  gar,  and  more  particularly 
the  Alligator  gar,  has  existed  from  at  least  Eocene  times  essentially 
unchanged. 

EXPLANATION  OP  PLATE  IV. 
GaUinuloidei  Wyomingenns,  gen.  et  sp.  hot.  Middle  Eocene:  Fossil,  Wyoming. 
0^  coraooid ;  el^  forculam  ;  /,  nght  femur ;  A,  A',  humeri  of  left  and  rignt 
wing9  respectively ;  i ,  ilium ;  m,  manus ;  j»,  pubis ;  r,  radius ;  rb,  detached 
rib ;  «,  scapula ;  «^,  sternum  ;  ^,  tibia ;  tm,  tarso-metatarsus ;  u,  ulna  ; 
I-rV,  toes. 


III. — SoMB  Snowdon  Tabns.  f 

,     By  J.  E.  Bakyns,  Esq. 

I  HAVE  from  my  boyhood  been  intimately  acquainted  with 
Snowdon  and  its  neighbourhood,  and  for  some  years  past 
I  have  been  investigating  the  geology  of  the  district  in  a  systematic 
manner.  In  doing  this  I  have  paid  particular  attention  to  the  lake 
basins,  and  shall  in  the  following  pages  give  an  account  of  some  of 
my  investigationsi  as  far  as  they  have  gone.  I  say  as  far  as  they 
have  gone,  because  I  hope  in  the  future  to  make  by  means  of  a  level 
more  accurate  measurements  than  can  be  made  with  a  pocket 
aneroid  ;  and  I  also  hope  that  next  Summer  the  lakes  and  tarns  vdll 
be  sounded  either  by  myself  or  by  someone  else  ;  for  at  present  we 
know  nothing  about  the  depth  of  Llyn  dur  Arddu,  next  to  nothing 
above  that  of  Olaslyn,  and  very  little  about  Llydaw,  though  that 
little  is  of  griBat  importance. 

I  will  now  proceed  with  my  account.  Glaslyn  at  its  outlet  is 
bounded  by  rock  on  the  north  side  and  by  drift  on  the  south,  but 
the  shape  of  the  ground  shows  that  the  drift  is  merely  a  mound  of 
no  great  thickness,  banked  against  the  Oribbin,  as  the  rocky  spur 
is  called  which  separates  Olaslyn  from  Llydaw.  At  a  distance  of 
about  twenty  yards  from  the  lake  solid  rock  is  seen  in  the  bed  of 
the  outflowing  stream  at  less  than  six  feet  below  the  level  of  the 
lake.  This  to  my  mind  proves  without  any  reasonable  doubt  that 
the  lake  lies  in  a  rook  basin ;  for,  as  I  said  above,  the  drift  ia 
apparently  of  but  little  thickness,  and  the  lake  is  certainly  more 
than  six  feet  deep :  I  have  myself  dived  into  it  to  a  greater  depth 
than  that.  •  I  will  not,  however,  insist  upon  this ;  for  at  the  old  mill, 
seventy  yards  from  the  lake,  Bolid  rock  eosUndB  right  acro$$  the 


Digiti 


zed  by  Google 


J.  B.  Dakyn% — Sanie  Snowdon  Tarns.  6^ 

from  ihe  Gribbin  on  one  side  to  the  cliffy  ground;  on  the 
other,  along  which  the  road  from  the  mines  runs.  From  thia 
point  in  the  stream  one  can  ascend  to  the  summit  of  Snowdon, 
either  by  the  Gribbin  on  the  south  or  by  way  of  Criby  Ddysgl 
on  the  north,  without  treading  On  anything  but  solid  rock.  Thia 
point  is,  as  measured  by  an  aneroid,  40  f^t  below  the  level  of 
the  lake.  Consequently,  unless  Glaslyn  is  less  than  40  feet  deep,, 
it  must  lie  in  a  rook  basin,  even  if  we  neglect  the  fact  that  rock  ia 
seen  in  the  stream  at  only  a  few  feet  below  the  level  of  the  lake. 
We  do  not  know  the  depth  of  Glaslyn,  but  it  is  probably  more  than 
40  feet  deep;  for  on  the  north  side,  near  the  mine,  rock  comes 
down  to  the  water  at  a  slope  of  30^,  and  on  the  opposite  side  the 
average  slope  of  the  rocks  coming  down  to  the  lake  is  even  more 
than  30^. 

I  oondude,  then,  that  Glaslyn  occupies  a  rock  basin.  In  their 
paper  on  the  Lakes  of  Snowdon,  Messrs.  Marr  and  Adte  write  in 
teferenoe  to  the  outflow  of  Glaslyn,  with  all  the  emphasis  of 
italics,  **the  bottom  of  the  drift' filled  depression  ie  at  a  lower  level 
than  the  present  stream^  which  runs  at  the  side  of  the  valley,  being 
separated  from  the  lowest  part  by  a  low  shelf  of  rook."  What  they 
call  the  present  stream  is  an  artificial  watercourse  made  by  the 
old  miners  to  carry  the  surplus  water  of  the  lake  clear  of  their 
works.     Comment  is  needless. 

Llyn  Llydaw  is  dammed  up  by  glacial  deposits ;  but  at  250  yards 
from  the  outlet  solid  rock  is  seen  in  the  issuing  stream  and  on  both 
sides  of  it  This  point  in  the  stream  is  by  my  aneroid  from  25  ta 
30  feet  below  the  level  of  the  lake.  Mr.  Watts,  however,  considers 
the  first  live  rock  seen  by  him  in  the  stream  to  be  40  or  50  feet 
below  the  level  of  the  lake.  At  250  yards  from  the  present  outlet, 
in  a  N.N.W.  direction,  there  is  a  depression  by  which  the  lake  may 
possibly  have  once  discharged  itself;  and  at  about  225  yards  from 
the  lake  solid  rock  is  seen  in  the  bottom  of  this  depression  and  on 
both  sides  thereof.  According  to  the  aneroid  this  point  is  40  feet 
below  the  level  of  the  lake.  The  space  between  the  present 
oatflowing  stream  and  the  above-mentioned  channel  is  occupied  by 
drift  which  thins  away  eastward,  so  that  immediately  south  of  the 
little  pool,  shown  on  the  Ordnanoe  six-inch  map,  rock  forms  the 
•nrfaoe  of  the  ground.  The  place  where  the  rock  is  seen  in  the 
said  depression,  as  stated  above,  is  just  where  it  is  j6ined  by  another 
depression,  which  runs  down  from  the  little  pool,  and  it  is  along  this 
line  that  Mr.  Marr  imagines  the  lake  to  have  formerly  drained. 

Consequently,  in  all  possible  outlets,  real  or  imaginary,  to  Llydaw, 
•olid  rook  is  first  met  with  in  descending  from  the  lake,  at  a  level 
no  lower  than  40  or  50  feet  below  its  surface.  Llydaw  must 
then  lie  in  a  rock  basin  unless  it  is  less  than  50  feet  deep;  but 
we  have  reason  for  believing  that  it  is  much  deeper  than  50  feet 
Many  years  ago  a  man's  clothes  and  boots  were  found  lying  beside 
the  lake.  It  was  supposed  that  the  owner  had  been  drowned.  A  pro* 
fesMonal  diver  vras  fetched  up  from  Caernarvon,  and  search  was 
made  for  the  missing  body.    The  late  Henry  Owen,  the  well-known 
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landlord  of  Pen  y  Owryd,  was  present  at  the  search ;  and  he  told 
a  friend  of  mine  that  in  one  plaoe  no  bottom  was  reaohed  at  the 
depth  of  200  feet.  Unless,  then,  this  estimate  was  grossly  erroneoos 
Llydaw  mast  lie  in  a  rock  basin. 

There  is  not  muoh  to  be  said  about  Llyn  dur  Arddu.  It  lies  at 
the  head  of  Cwm  Brwinog  under  the  preoipioe  called  Ologwyn  dar 
Arddu,  which  forms  the  south  side  of  the  Cwm,  and  rock  is  seen 
at  the  outlet  on  the  south  side  of  the  stream ;  but  no  rock  is  to  be 
aeen  on  the  north  side  of  the  lake,  nor,  as  far  as  I  know,  for  a  long 
distance  down-stream ;  in  fact,  on  that  side  nothing  is  to  be  seen 
but  a  steep  bank  strewn  with  large  blocks  of  stone,  so  that  we 
•cannot  tell  whether  the  tarn  lies  in  a  rock  basin  or  not.  Although 
nothing  but  the  rock-strewn  bank  is  to  be  seen  on  the  north  side  of 
the  Cwm,  yet  the  unsophisticated  intellect  conceives  that  the  Cwm 
is  bounded  on  that  side,  too,  by  solid  rock,  hidden,  however,  by 
superficial  detritus.  There  is  absolutely  no  evidence  to  support  the 
assertion  of  Messrs.  Marr  and  Adie  that  the  lake  once  drained  more 
northward  down  a  valley  now  buried  under  moraine.  Not  only  is 
there  no  evidence  in  favour  of  such  a  view,  but  the  chances  are  all 
the  other  way,  for  it  presupposes  a  far  greater  thickness  of  drift 
than  is  known  to  occur  in  any  part  of  the  district.  There  are  many 
places  in  the  Snowdon  region  where  the  thickness  of  the  glacial 
•deposits  can  be  measured.  As  far  as  I  know,  these  deposits  are 
thickest  under  Yr  Aran,  on  the  left  bank  of  the  Colwyn,  about 
«  mile  above  Pont  Caer-gors,  and  here  the  thickness  is  less  than 
a  hundred  feet.  In  most  cases  it  is  much  less  than  this.  Thus  it 
is  most  improbable  that  there  should  be  in  Cwm  Brwinog  so  great 
a  thickness  of  drift,  and  that  for  the  distance  of  a  mile  or  more,  as 
must  be  the  case  if  there  is  such  a  buried  valley  as  Messrs.  Marr 
and  Adie  assume. 

The  tarns  in  Cwm  Glas  are  so  shallow  that  they  are  of  little 
importance,  but  the  lower  one,  Llyn  Glas,  most  certainly  lies  in 
a  rock  basin,  for,  without  going  below  the  level  of  the  tarn,  one  can 
walk  all  round  it  without  ever  treading  on  anything  but  solid  rock. 

I  shall  not  at  present  say  more  about  Cwm  Olas,  nor  about  Cwm 
Brwinog,  as  I  hope  on  a  future  occasion  to  deal  fully  with  the 
geology  of  these  corries.  Nor  shall  I  now  treat  of  the  Snowdonian 
lakes  as  distinct  from  the  tarns ;  but  as  Messrs.  Marr  and  Adie,  in 
the  part  of  their  paper  on  the  Snowdon  lakes  dealing  with  lAjn 
Owellyn,  have  indulged  in  some  speculations  and  statements  about 
a  part  of  the  country  with  which  I  am  intimately  acquainted,  I  must 
point  out  some  mistakes  into  which  they  have  fallen. 

On  p.  65  of  their  paper  they  say  "a  drift-filled  depression  it 
traceable  up  a  tributary  joining  it "  (the  main  stream)  '*a  few  yards 
south-east  of  Cwellyn  State  Quarry."  This  is  a  mere  assertion :  no 
proof  is  offered  of  the  existence  of  drift  in  this  depression ;  it  ia 
simply  assumed,  and  in  fact  no  proof  can  be  offered,  for  along  the 
<x>urse  of  the  little  valley  there  are  no  sections  in  superficial  material 
save  one  near  Ffridd  quarry,  where  a  pit  has  been  dug  for  walling- 
6tones  in  some  loose  stuff  which  may  be  morainia    Tkrooghout  ibm 


Digiti 


zed  by  Google 


Dr.  S.  Woodward— A  New  Qault  Crustacean.  61 

rest  of  iU  course  there  is  no  evidenoe  of  the  existenoe  of  glaoial 
drift ;  bat  on  the  oontrary  some  evidenoe  that  there  is  no  drift  in 
the  depression,  for  solid  rook  is  seen  elose  to  the  stream  at  100  yards 
north  of  the  narrow-gauge  railway;  and  sttU  farther  north  the 
Talley  is  cambered  with  large  angular  blocks  consisting  entirely 
of  diabase,  which  have  fallen  from  the  clififs  above.  There  is  no 
drift,  for  were  there  any  we  should  find  stones  of  many  different 
sorts,  and  many  of  them  would  be  rounded.  So  Mr.  Marr's  drift- 
filled  gorge  350  feet  deep  is  a  mere  figment  of  the  imagination^ 
I  mast  also  remark  that  judging  from  the  shape  of  the  ground  Llyn 
Owellyn  is  probably  a  great  deal  more  than  50  feet  deep. 

As  to  the  peaty  watershed  near  Pitts  Head,  it  matters  nothing 
whether  it  is  "  composed  of  an  alluvial  deposit ''  or  not,  for  the  solid 
rock  comes  to  the  day  in  so  many  places  that  the  superficial 
covering  is  evidently  merely  a  thin  skin. 

On  the  next  page  the  authors  say  "  the  bed  of  the  Colwyn  runs 
over  drift  until  within  a  short  distance  of  Beddgelerf  I  am  sorry 
to  be  obliged  to  contradict  the  writers,  but  the  above  statement 
is  incorrect  Neither  the  Colwyn  nor  its  bed  runs  over  drift 
immediately  south  of  Pitts  Head  watershed,  for  solid  rock  is  seen 
in  the  bed  of  the  river  at  Pont  Caer-gors  and  at  several  other 
places  for  more  than  550  yards  down-stream,  at  which  distance 
the  river  actually  runs  in  a  rocky  gorge.  The  eastern  side  of 
the  Colwyn  valley  is  formed  of  solid  rock,  not  only  throughout 
the  whole  of  this  distance,  but  for  much  further  south.  A  low 
bank  of  drift  forms  the  western  margin  of  the  river  immediately 
south  of  Pont  Caer-gors.  This  drift  obviously  lies  as  a  tablecloth 
on  a  gently  sloping  surface  of  rock  which  comes  to  the  day  300 
yards  west  of  the  bridge.  No  drift-buried  gorge  is  possible  here. 
The  upshot  is  that  Messrs.  Marr  and  Adie,  in  their  hurry  to  escape 
from  a  rock  basin,  have  invented  an  impossible  gorge  to  carry  the 
water  of  Llyn  Cwellyn  across  a  mountain  range  whose  lowest  point 
is  650  feet  above  the  sea,  that  is,  186  feet  above  the  present  level 
of  the  lake.  This  is  a  brilliant  effort  of  the  imagination,  though 
hardly  of  the  scientific  sort,  but  it  does  not  come  near  that  of  the 
old  Welsh,  who  imagined  an  underground  connection  between  Llyn 
Cwellyn  and  the  Llanberis  lakes  to  account  for  the  existenoe  of  char 
inbotL 

IV. — ^NoTK  ON  A  Cbustaoean  Mssodbomilites  Birlbti,  gkn.  et 

8P.   NOV.,   FROM   THE   GaULT   OF   FOLKESTONE,   KeNT. 
By  HiN&T  WooDWABD,  LL.D.,  F.B.S.,  F.G.S.,  etc. 

ONE  of  the  results  incidental  to  the  meeting  of  the  British 
Association  for  the  Advancement  of  Soienoe  at  Dover  in 
September  last  was  a  visit  paid  to  Folkestone  by  the  members  of 
Section  0  (Geology).  Among  the  ladies  present  was  Miss  Caroline 
Birley,  well  known  both  as  a  traveller  and  for  the  deep  interest 
which  she  has  always  taken  in  palsBontological  research ;  she  is  also 
tbe  owner  of  an  ezoellent  private  museam  of  minerals  and  fossils^ 


Digiti 


zed  by  Google 


63  Dr.  H.  Woodward— A  New  QauU  Crustacean. 

moBtly  oolleoted  by  herselfl  Miss  Birley  was  fortunate  in  obtaining 
from  Mr.  J.  Griffiths,  the  resident  geological  collector,  a  small  but 
well-preserved  carapace  of  a  Oault  Crustacean,  believed  at  the 
moment  to  be  the  usual  Necrocareinus  Bechei  (Deslongsch.,  sp.), 
a  form  about  as  abundant  in  that  locality  as  the  PalaocorysteM 
Stokesii  (Mautell,  sp.).  The  specimen,  enlarged  twice  natural  size, 
IS  clearly  depicted  in  the  accompanying  illustration  in  the  text 


Metodromilitet  Birleyi,  gen.  et  sp.  nor. 

Gault :  Folkestone,  a,  dorsal  aspect ;  b^  profile  of  same  specimen.  Drawn  twice 
the  natural  size.    The  original  specimen  is  in  the  possession  of  Miss  Caroline  Birley. 

A  more  careful  examination  of  the  original  convinced  me  that 
I  was  in  error  in  referring  this  Crustacean  to  If.  Beekeif  or  indeed 
to  any  species  of  NecrocarcinuB ;  and  after  a  lengthened  search  for 
an  analogue  I  was  compelled  to  believe  it  to  be  a  new  form, 
a  thing  well-nigh  incredible  in  a  formation  like  the  Oault  of 
Folkestone,  which  has  been  'the  happy  hunting-ground'  for  so 
many  generations  of  London  and  provincial  geologists,  and  a  spot 
dear  to  the  name  of  J.  Griffiths,  who  for  the  past  fifty  years  or  more 
has  been  the  sole  collector  and  geological  guide  of  Folkestone  Cliffs. 

The  figures  give  both  the  dorsal  and  lateral  aspect  of  the 
carapace,  and  show  it  to  be  one-fourth  longer  than  broad,  very 
tumid  in  the  centre,  having  three  pairs  of  rounded  sub-oentnd 
tubercles  (three  on  either  side  of  a  median  dorsal  line),  with 
a  central  tubercle  placed  on  the  posterior  metac^rdiao  region.  Two 
rather  curved  and  elongated  tubercles  occur  on  the  surface  of  the 
test  outside  the  hindmost  pair  of  sub-central  tubercles  and  midway 
between  them  and  the  lateral  margins  of  the  carapace,  just  over  the 
posterior  branchial  region.    Five  somewhat  projnjaent  tuberoli^^ 
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mark  eaob  lateral  margin,  the  bindmoat  and  most  prominent  pair 
being  situated  on  a  transverse  V-shaped  ridge  and  furrow,  which 
cuts  off  the  posterior  fifth  of  the  carapace,  and  meeting  in  the  centre, 
where  it  is  marked  by  the  single  median  posterior  tubercle  already 
leferred  to.'  The  three  succeeding  pairs  of  marginal  tubercles  are 
about  equal  in  size,  and  the  front  pair  forms  the  outer  angle  of  the 
orbital  fossa.  The  rostrum  is  subdivided  or  notched  in  the  centre, 
baying  a  A-shaped  groove  running  down  it,  the  base  of  which  is 
directed  forwards,  and  the  diverging  points  reaching  to  the  first  pair 
of  sub-central  tubercles  which  mark  the  gastric  region.  The  orbits 
are  large  and  well  defined.  No  nuchal  furrow  is  yisible.  The 
carapace  is  not  in  the  least  crushed  or  distorted,  and  the  surface 
is  well  preserved. 

Differences  and  Affinities, — A  careful  comparison  of  our  Brachyuran 
with  the  various  species  from  the  G^ault  and  Greensand  affords  but 
little  assistance  in  the  specific  determination  of  the  specimen.  In 
Neerocareinus,  when  the  rostrum  is  preserved  it  is  not  notched  or 
bifurcated,  but  pointed  in  the  centre ;  the  median  line  of  the 
carapace  is  not  simple,  but  divided  into  distinct  gastric  and  cardiac 
regions,  and  an  anterior  nuchal  furrow  can  be  traced ;  the  carapace 
is  broader  than  long ;  the  marginal  tubercles  are  not  prominent,  and 
the  posterior  or  metabranchial  furrow  is  absent. 

Tumiug  to  Dromilites  from  the  London  Clay,  one  is  at  once  struck 
by  many  points  of  resemblance.  The  carapace  (as  in  our  Gault 
fossil)  is  longer  than  broad,  is  very  tumid,  the  rostrum  is  bifurcated, 
there  is  a  median  furrow,  the  tubercles  are  arranged  in  pairs ;  four 
pairs  of  marginal  tubercles  are  present,  the  posterior  metabranchial 
fdrrow  is  also  seen ;  the  orbits  are  large  and  conspicuous. 

Unfortunately  the  other  ventral  aspect  of  the  carapace  is  wanting 
in  the  Gault  fossiL 

Prof.  Bell  ("  Fossil  Malacostracous  Crustacea  of  Great  Britain," 
Mon.  Pal.  Soc.  :  Part  ii,  '  Crustacea  of  the  Gault  and  Greensand,' 
1862,  p.  ▼)  remarks : — **  The  Crustacea  of  the  strata  below  the  Chalk 
.  •  .  .  present  several  remarkable  peculiarities  in  their  forms 
and  affinities.  One  of  the  most  interesting  of  these  is  the  existence 
of  analogous  or,  so  to  speak,  representative  species  in  these  beds  and 
in  the  London  Clay "  (see  part  i  of  same  Mon.,  '  Crustacea  of  the 
London  Clay,'  op.  cit.,  1857,  pis.  ▼  and  vi).  <*In  some  cases  this 
representation  is  shown  in  their  specific  distinction,  with  the  most 
perfect  generic  identity,  as  in  the  case  of  Hoploparia,  of  which  we 
have  already  seen  two  very  distinct  species  in  the  later  formation, 
and  we  have  now  described  no  fewer  than  six  species  in  the  earlier 
dmwits.  In  no  instance  do  any  of  these  locally  separated  individuals 
belong  respectively  to  the  same  species ;  in  every  one  the  specific 
distinctness  is  unambiguous,  but  the  generic  relation  to  each  other 
is  no  less  so.  Another  case  of  nearly  similar  import  occurs  in  the 
aaomouFOus  family  Dromiad»;  the  Homolopsis  of  the  Greensand 

*  Thii  fine  may  be  defined  as  the  'metabranchial  furrow^'  and  is  seen  in 
JPUfiepkthalmmt  ^vtformU  from  the  Greensand  of  Wilts,  and  in  jDrom%Ut$$  fnnn 
thd  Loodoii  Clay. 
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being  represented  in  the  London  Clay  by  two  species  of  DromXUietr 
a  very  nearly  allied  form." 

The  addition  of  another  new  species,  apparently  related  to  this 
family  in  the  Gault,  is  extremely  interesting  as  exemplifying  the 
close  family  similarity,  but  very  clear  specific  and  (I  ventare  to 
think)  in  this  case  even  generic  distinctness  from  its  congeners. 
It  is  hoped  that  before  long  other  examples  may  be  obtained, 
offering  fuller  details  of  its  structure ;  meantime  I  publish  this 
interesting  little  Crustacean,  giving  it  the  name  of  MeBodromiltU*  to 
define  its  older  geological  position  and  also  its  probable  relationship 
to  Dromilites  of  the  London  Clay,  with  the  specific  name  of  BtH^t, 
in  honour  of  Miss  Caroline  Birley,  to  whom  I  am  indebted  for  the 
opportunity  of  describing  this  new  Gault  crab. 


ISrOTICES    OF    3^E!3S^OIRS- 


L — The  Bed  Coloub  of  the  Salt  Lakes  in  the  Wadi  Natbouk. 
By  J.  Dewitz.* 

IN  an  article  published  in  the  Zoolog,  Anzeiger*  I  have  given 
a  report  on  the  biology  of  the  Natron  Valley,  the  Wadi  Natronn, 
in  the  Libyan  desert,  about  170  kilometers  from  Cairo.  It  seems 
that  my  remarks  concerning  the  red  colour  of  the  water  of  the  salt 
lakes  of  the  valley  have  interested  readers  of  the  article.  I  there- 
fore wish  to  add  here  some  researches  I  was  able  to  make  on  the 
same  subject  owing  to  the  kindness  of  Mr.  Prochaska,  head  of  the 
diemical  survey  of  the  soda  company. 

When  I  came  to  the  Natron  Valley  the  red  water  of  the  lakes 
excited  at  once  my  curiosity,  and  I  tried  to  ascertain  the  reason  for 
the  redness  of  the  liquid.  Most  people  to  whom  I  spoke  about  the 
matter  told  me  that  Artemia  lives  in  the  lakes,  and  that  the  red 
colour  of  this  Crustacean  is  communicated  to  the  water.  During 
my  stay  in  the  Wadi  the  Artemia  salina  was  not  to  be  seen,  the 
animal  appearing  only  at  certain  periods  of  the  year.  It  is  im- 
possible to  believe  that  the  coloured  mass  of  these  small  creaturea 
is  sufficient  to  stain  such  immense  quantities  of  water  as  the  Wadi 
Natroun  lakes.  These  lakes,  about  fourteen  in  number,  lie  rather 
close  to  each  other  and  extend  over  a  space  of  about  40  kilometers. 

No  number  of  Artemia  ialina  would  be  great  enough  to  give  the 
water  the  deep  purple  colour  which  it  has.  If  there  were  frogs  in 
the  lakes  and  those  frogs  were  red,  and  someone  should  say  that  the 
red  colour  of  the  water  came  from  the  red  oolour  of  the  Amphibia, 
this  explanation,  I  think,  would  not  be  much  inferior  to  the  Artemia 
theory.  Besides  Artemia,  there  are  other  red  animals  in  the  lakes. 
I  obtained,  for  example,  a  red  culicid  larva.  This  shows  that 
animals  living  in  the  water  may  take  the  colour  from  it,  and  not  the 
water  from  the  red  animals.    Finally,  Artemia  salina  disappears  in 

^  Reprinted  from  Seienee,  n.b.,  toI.  x  (1899),  No.  240,  pp.  146,  147. 
s  « Das  Wadi  Natronn  in  der  libyschen  Wiiste  nnd  Mine  modern  Thisce,'* 
Bd.  zzii  (1899),  pp.  53-^1. 
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the  lakes  for  the  greater  part  of  the  year  without  cau^ng  a  oh&ag9 
in  the  coloration  of  the  water. 

Bat,  if  it  18  not  Artemia  salina,  what  is  it  that  gives  the  red  colour 
to  the  water?  In  my  investigations  I  treated  the  red  water  with 
different  chemicals,  among  them  acetic  acid.  When  the  acid  is 
poured  into  the  red  water  a  powerful  development  of  carbonic  acid 
takes  place,  and  at  the  same  time  a  red  soft  mass  rises  to  the  surface 
of  the  liquid,  while  the  latter  loses  more  and  more  of  its  colour. 
From  a  large  quantity  of  water  I  collected  the  soft  red  mass  swim- 
ming on  the  surface,  washed  it  with  distilled  water,  and  shook  it  in 
a  mixture  of  ether  and  absolute  alcohol.  The  red  colour  left  the  soft 
mass,  being  extracted  by  the  ether.  The  solution  of  the  colour  in 
ether  did  not  keep  the  purple  tint  of  the  soft  mass,  but  showed  a  fine 
brownish  coloration,  the  soft  mass  itself  appearing  now  as  a  grey 
yellowish  substance,  reminding  one  of  blood  fibrine.  It  ooula  be 
reduced  to  ashes,  and  is,  therefore,  of  organic  composition.  When 
the  lake  water  was  directly  exposed  to  the  mixture  of  ether  and 
alcohol  without  having  passed  through  acetic  acid  no  result  was 
obtained.  Concerning  the  osmotic  property  of  the  red  organic  mass, 
it  is  to  be  noted  that  it  did  not  pass  through  a  membrane  of  so-called 
parchment  paper,  such  as  is  used  for  covering  jars. 

The  experiments  show  that  the  water  of  the  lakes  contains  an 
astonishingly  great  quantity  of  organic  red  substance,  and  that  it  is 
this  which  gives  the  red  colour  to  the  water. 

The  question  now  arises  what  the  origin  of  the  red  organic 
snbstance  is.  My  supposition  is  that  the  substance  muBt  be  the 
product  of  bacteria.  Each  drop  of  water  taken  from  the  lakes  will 
be  found  full  of  them.  The  bacteria  in  all  the  lakes  are  uncoloured, 
but  I  found  that  the  cocci  exhibit  a  red  colour. 

According  to  "Baedeker"  (Egypt,  French  edition,  1898)  there 
existed  another  spot  in  Egypt,  near  Suez,  where  red  salt  water  is 
found.  On  p.  162  of  the  guidebook  I  read  the  following  note: 
"  La  couleur  rouge  des  marais  salants  entre  des  collines  des  Bedouins 
et  le  canal,  provient  d'une  petite  ecrevisse  (de  I'ordre  des 
phyllopodes)  presque  microscopiqne  qui  y  fourmille  h  certains 
moments.  Le  matin  ils  exhalent  nn  parfum  semblable  h  oelui  des 
▼iolett^."  Unfortunately,  when  I  was  at  Suez  I  did  not  visit  the 
*  marais  salants,'  and  I  tJierefore  wish  to  call  this  note  to  the 
attention  of  the  biologists  visiting  that  part  of  Egypt  It  would  be 
very  interesting  to  ascertain  whether  the  water  there  xxmtains 
bad^eria  and  the  same  red  organic  mass  which  I  found  in  the  lakea 
of  the  Natronn  Valley. 

n. — NOTBS    ON     THB    MINERALS    OF    JaPAN.        By     EOTOBA    JlMBd* 

(Eeprint  from  Joum.  SoL  ColL  Imp.  Univ.,  Tokyo,  1899,  voL  xi» 
pp.  213-281.) 

ADESCBIPTION  is  given  of  128  mineral  species  foond  in 
Japan,  and  represented  in  the  collections  of  Mr.  T.  Wada^ 
of  the  Lnperial  University  and  the  Imperial  Museum  at  Tokvo. 
The  paper  is  written  ia  English,  and  so  renders  information,  whicfb 
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previoasly  has  only  been  pnbliBhed  in  Japanese  joumab,  more 
easily  aooessible.  The  subjeoi-matter  b  mainly  oonfined  to  the 
enumeration  of  ooenrrenoes ;  and  for  museum  curators,  puzzled  by 
Japanese  locality  names,  the  paper  will  be  very  useful.  Longer 
descriptions  are  given  of  quartz,  topaz,  and  felspar,  these  minerals 
being  represented  in  Japan  by  specially  fine  crystals. 


I&  S  V  I  E  -W  S. 


I, — ^Db.  Tbaquaib  on  Silurian  Fishss.  Beport  on  Fossil  Fishes 
collected  by  the  Geological  Survey  of  Scotland  in  the  Silurian 
Bocks  of  the  South  of  SooUand.  By  Bamsay  H.  Tbaquaib, 
M.D.,  LL.D.,  F.B.S.  Trans.  Boy.  Soo.  Edinb.,  vol.  xxxix, 
pp.  827-864,  pis.  i-v.     (December,  1899.) 

DB.  TBAQUAIB'S  new  memoir  on  the  Upper  Silurian  fishes  of 
Southern  Scotland  is  the  most  valuable  contribution  to  our 
knowledge  of  Palsdozoic  Ichthyology  which  has  been  made  for  many 
years.  It  is  of  fundamental  importance  not  only  as  describing  witli 
tolerable  completeness  the  exoskeleton  of  seveial  organisms  which 
have  hitherto  been  known  only  by  indeterminable  isolated  frag- 
ments ;  it  also  records  for  the  first  time  a  series  of  well-ascertained 
facts  in  reference  to  the  primitive  mode  of  development  of  the 
dermal  armour  of  the  Yertebrata.  Moreover,  it  is  a  work  which 
could  not  have  been  accomplished,  or  at  least  have  been  done 
in  a  thoroughly  trustworthy  manner,  by  anyone  less  skilled  in 
the  observation  and  interpretation  of  Palsdozoic  fish  remains  than 
Dr.  Traquair  himself.  Most  of  the  fossils  are  very  obscure,  and 
can  only  be  understood  after  long-continued  study  and  repeated 
comparisons.  Any  geologist  or  biologist  who  casually  examines 
them  will  feel  gratitude  to  the  painstaking  author,  whose  patience 
and  unwearied  zeal  have  enabled  him  to  obtain  so  much  information 
from  them  as  is  contained  in  the  beautiful  memoir  now  before  us. 

The  specimens  in  question  were  discovered  by  Messrs.  Maoconochie 
and  Tait,  collectors  to  the  Oeological  Survey  of  Scotland,  in  the 
Upper  Ludlow  and  Downtonian  beds  in  the  neighbourhood  of 
Lesmahagow,  Lanarkshire.  The  thin  bands  in  which  they  occur 
consist  of  hard,  grey,  flaggy  shale ;  and  in  most  cases  the  actual 
substance  of  the  fossils  seems  to  be  preserved. 

The  two  first  genera  described  are  considered  to  be  primitive 
Heterostraci  or  Pteraspidians,  in  which  the  dermal  armour  consists 
of  isolated  shagreen-like  granules,  not  yet  fused  into  plates.  They 
constitute  the  family  Coelolepidad  of  Pander,  which  was  known 
only  by  the  detached  dermal  granules  until  a  year  ago,  when 
Dr.  Traquair  published  a  foretaste  of  his  results  in  the  description 
of  Thdodus  Paget  from  the  Lower  Old  Bed  Sandstone  of  Forfarshire. 
Two  new  species  of  Thelodus  (T.  seotieus  and  T.  planus),  from  the 
Upper  Silurian,  are  now  described  and  figured.  The  head  and 
trunk  are  completely  covered  with  a  dense  layer  of  the  little 
shining,  quadrangular  granules,  which  have  long  been  familiar  to 
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oolleoton  from  the  Ludlow  Bone-bed  and  the  Upper  Silurian 
of  Oesel.  In  shape  the  fosailized  organism  olosely  resembles 
a  CephdUtBptB,  and  its  anterior  portion  is  usually  orushed  vertioally, 
while  its  slender  oandal  region  ooours  in  more  or  less  direot  side 
-view.    No  orbits  are  distinguishable.    There  is  no  oldar  OTidenoe 


Fio.  1. — Bestored  outline  of  LanavJAa 
spinotat  Traq.,  in  the  position  in 
which  it  oocun  as  a  fossil,  namely, 
reitically  compressed  in  ^nt,  but 
the  tail  twisted  round  so  as  to 
appear  in  profile. 


of  paired  fins.  The  heterooeroal  oaudal  fin  is  well  preserved,  but 
there  is  apparently  no  dorsal  fin.  IkmarJcia  is  a  new  allied  genus, 
armoured  with  small,  sharp,  hollow,  conioal  spines,  instead  of  the 
eomparatively  solid  quadrangular  tubercles.  Z.  harridan  L.  ipintdoaa, 
and  Z.  Bpinosa  (Fig.  1)  are  distinguished,  the  last  with  the  dermal 
qpinelets  not  uniform  in  size. 

A  remarkable  new  genus  and  species,  AieJeaspis  iessellaia,  follows 
next  The  remains  on  which  it  is  based  are  rather  fragmentary; 
but  Dr.  Traquair  is  inclined  to  regard  the  organism  as  intermediate 
between  the  simplest  Heterostraci  and  the  Osteostraoi,  only  referring 
it  to  the  latter  because  part  of  the  tissue  of  its  armour  exhibits  true 
bone-cells.  The  general  form  of  the  body  is  apparently  as  in  the 
Goslolepidss,  but  the  dermal  covering  in  front  consists  of  small 
polygonal  plates,  while  in  the  caudal  region  it  is  in  the  form  of 
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flat,  rhombio,  Bonlptared  scales.  The  orbits  seem  to  have  been 
(dose  together  on  the  top  of  the  head,  as  ia  CephalaBptB. 

A  new  order,  Anaspida,  is  established  to  contain  the  two  la^ 
and  perhaps  most  extraordinary  new  genera  treated  in  the  memoir* 
These  comprise  small,  laterally  compressed  organisms,  without 
paired  fins,  but  with  a  single  small  dorsal  fin  and  a  well-developed 
heterooercal  tail.  In  many  respects  they  are  suggestive  of  Cepha- 
laapis  and  its  allies,  but  there  is  no  continuous  head-shield,  and 
the  orbits  are  not  clearly  distinguishable  in  the  known  specimens.. 
The  substance  of  the  armour  is  not  sufficiently  well  preserved  ta 
furnish  satisfactory  sections  for  microscopical  examination.  Birhenia^ 
with  a  single  species,  B.  eleganSt  is  the  first  genus  placed  here.  It 
is  completely  armoured  with  small  scutes  arranged  in  the  strange 
manner  indicated  in  Dr.  Traquair's  careful  restoration  (Fig.  2).  On 
the  side  apparently  of  the  back  of  the  head  there  is  an  oblique  seriea 
of  eight  small  round  holes,  which  look  like  branchial  openings. 
The  flank-scales  of  the  trunk  are  disposed  chiefly  in  series  which 
incline  forwards  and  downwards,  not  backwards  and  downwards 
as  is  usual  in  fishes.  A  median  series  of  ventral  scutes  develops 
into  a  formidable  armour  of  spines  in  the  caudal  region.  The 
second  new  genus,  Xasamtif,  with  two  species,  X.  prohlema^eu$ 
(Fig.  3)  and  X.  armatus,  is  considered  to  be  closely  related  to 
^trX^nta,  differing  in  the  loss  of  all  the  dermal  armour  except 
a  few  anterior  flank-scales  and  the  median  ventral  row  of  spines. 

The  detailed  descriptions  of  these  organisms  are  illustrated  by 
a  beautiful  series  of  five  plates,  most  of  the  drawings  being  by 
Mr.  James  Oreen,  but  the  highly  magnified  details  and  critical 
points  by  the  author  himself. 

In  the  concluding  section  of  the  memoir,  which  is  a  general 
discussion  of  the  results.  Dr.  Traquair  gives  for  comparison  a  brief 
description  of  the  hitherto  problematical  Lower  Devonian  genua 
I>repana9p%$.  Its  main  features  are  illustrated  in  an  outline-sketch 
which  he  kindly  permits  to  be  reproduced  here  (Fig.  4).  In  shape 
it  resembles  Thelodns  and  LanarJcia,  but  it  is  covered  with  well- 
developed  plates  and  scales,  and  the  orbits  seem  to  have  been  placed 
laterally.  Ail  the  known  plates  of  Drepanaapis  are  too  much 
pyritized  for  microscopical  examination;  but  Dr.  Traquair  has 
shown  that  the  other  Devonian  plates  named  PsammoBteua  belong 
to  a  elosely  similar  animal,  and  these  contain  no  bone-cells.  The 
Drepaoaspidn  and  Psammosteidsd  are  therefore  placed  by  him  m 
the  Heterostraci. 

It  follows  from  these  researches  that  the  definition  of  the  order 
Heterostraci  must  now  be  slightly  modified.  We  must  admit  tiiat 
the  armour  may  consist  either  of  separate  granules  (each  formed 
round  a  distinct  papilla),  or  these  granules  may  be  more  or  les^ 
fused  together  in  every  degree  from  small  polygonal  plates  to  greet 
shields.  According  to  Dr.  Traquair  the  order  will  therefore  included 
the  known  families  of  Ooelolepidse,  Psammosteidn,  Dr^>anaspid8% 
and  Pteraspidsd,  each  exhibiting  a  progressive  modification  over  tlfe 
other  in  the  developmeDt  of  the  dermal  armour. 
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While  the  original  oonoeption  of  the  Heterostraci  is  enlarged  in 
this  manner,  Aideaspis  seems  to  form  a  link  between  its  lowest 
family  (the  Ooelolepidsd)  and  the  order  Osteostraci.  Dr.  Traquair 
points  out  that  the  shape  of  this  organism  is  like  that  of  Tkeiodus, 
while  its  polygonal  plates  and  scales  merely  represent  groups  of  the 
dermal  tabercles  of  the  latter  fused  together  by  the  great  develop- 
ment of  their  bases.    At  the  same  time  some  of  the  basal  layers  of 


1*10.  4.  —  2)repan(upi8  Omuendenmait,  Schlilter.  Besiored  outline  of  fhe  dona] 
aspect,  the  surface  ornament  omitted,  and  the  tail  twisted  round  so  as  to 
show  the  caudal  fin  in  profile.  0.,  central  plate ;  pA,,  postero-lateral  plates ; 
r.,  rostral  plates;  x,^  orbits? 

the  plates  contain  distinot  bone-oells,  a  peculiarity  necessitating  the 
reference  of  Atdeaspis  to  the  Osteostraci.  Dr.  Traquair  is  therefore 
of  opinion  that  Cope  and  the  British  Museum  Catalogue  are  correct 
in  regarding  the  Heterostraci  and  Osteostraci  as  closely  related 
brdersy  while  Professor  Lankester  is  no  longer  justified  in  main- 
taining that  ''there  is  absolutely  no  reason"  for  grouping  them 
together  beyond  that  they  "occur  in  the  same  rocks." 
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As  might  be  anticipated,  Dr.  Traquair  also  diBCOsses  the  propriety 
of  admitting  the  existenoe  of  the  sab-dass  Ostraoodermi,  to  whioh 
the  Heterostraoi  and  Osteostraoi  have  been  refen*ed  by  Cope  and  the 
British  Museum  Catalogue.  He  oonoludes  that  no  more  satisfaotory 
arrangement  oan  be  suggested  at  present  He  aooordinglj  aooepta 
it,  and  adds  the  new  order  Anaspida  to  include  the  Birkeniidss. 

The  most  disappointing  feature  of  the  memoir  is,  that  it  provides 
no  new  facts  which  will  be  universally  regarded  as  advancing  our 
knowledge  of  the  affinities  of  the  Osti'acodermL  Dr.  Traquair  ia 
very  emphatic  in  his  refusal  to  believe  that  they  are  **  Agnatha.*' 
Yery  justifiably,  he  declares  that  he  has  no  faith  in  negative 
evidence.  He  must  have  some  positive  reason  before  he  can  admit 
that  these  organisms  were  destitute  of  a  mandibular  arch  and  paired 
limbs.  On  the  other  hand,  he  thinks  his  new  discoveries  justify 
a  belief  that  the  Ostracodermi  are  the  modified  descendants  of  an 
early  group  of  Elasmobranchii.  He  "prefers  to  consider"  the 
CoelolepidiB,  or  lowest  Ostraooderms,  ''as  having  definitely  split 
off  from  the  [Elasmobranchii],  from  which  they  doubtless  originally 
came"  (p.  844). 

When,  however,  the  arguments  for  this  new  interpretation  are 
dosely  examined,  I  maintain  that  they  are  found  to  depend  just 
as  much  on  negative  evidence  as  the  hypothesis  of  Cope.  So  far  as 
I  understand  them,  they  are  based  on  two  propositions  —  (i)  that 
the  shagreen  of  the  Coelolepid»  is  identical  with  that  of  an 
Elasmobranch,  and  (ii)  that  the  lappet-like  postero-lateral  angles 
of  the  anterior  brcMtd  part  of  the  body  in  the  Coelolepidso, 
Drepanaspidsd,  and  Cephalaspidaa  are  pectoral  fins. 

Ab  to  the  first  proposition,  I  think  there  is  justification  for 
asserting  that,  in  the  present  state  of  knowledge,  it  affords  no  sure 
proof  of  affinity  between  the  Ostraooderms  and  the  Elasmobranchs. 
We  cannot  conceive  of  the  dermis  of  a  chordate  animal  beginning  to 
acquire  superficial  calcified  hard  parts  by  any  other  process  than  by 
the  deposition  of  mineral  matter  round  papillsd.  At  the  remote  period 
when  the  Chordata  were  first  beginning  to  develop  an  exoskeleton, 
it  is  extremely  probable  that  these  animals  were  already  well 
differentiated ;  at  least,  we  cannot  explain  their  diversity  and  high 
grade  in  the  early  Devonian  period  unless  we  admit  this  probability. 
When  dealing  with  Silurian  fish-like  organisms,  therefore,  a  form 
armoured  with  tubercles  of  dentine  does  not  necessarily  belong  to 
the  Elasmobranchii;  it  may  be  a  Chordate  animal  of  any  kind  just 
beginning  to  assume  a  protective  covering.  The  admitted  fact  that 
since  early  Carboniferous  times  an  exoskeleton  exclusively  of  dentinal 
tissues  has  persisted  only  in  Elasmobranchii  and  Chim»roidei,  is  no 

KK>f  that  any  organism  similarly  armoured  in  the  strange  archaic 
Tonian  and  Silurian  faunas  is  intimately  related  to  either  of 
these  sub-classes. 

In  short,  if  Dr.  Traquair  has  discovered  that  the  Coelolepid»^  are 
dosely  related  to  the  Heterostraoi  proper  and  to  the  Osteostraoi,  as 
seems  almost  certain,  I  maintain  that  he  has  not  helped  us  towards 
forming  any  more  plausible  theory  of  their  origin*    He  has  merely 
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i^ali  another  blow  at  the  old  Agassizian  conception  of  the  importatice 
of  dermal  Btractures  in  classification.  He  has  shown  that '  plaooid 
scales '  are  as  of  little  value  for  taxonoraio  purposes  in  the  Silurian 
and  Devonian  periods  as  are  'ganoid  scales'  in  the  Tertiary  and 
existing  faunas. 

Dr.  Traquair's  second  proposition  that  the  CoelolepideB  and  Drepan- 
aspidsd  possess  pectoral  fins,  seems  to  me  to  be  much  more  absolutely 
an  hypothesis  than  my  contrary  assertion  that  Cephalaapis  is  destitute 
of  them.  So  far  as  I  understand,  not  a  single  specimen  of  Thelodu$ 
or  Lanarkia  shows  the  slightest  change  iu  texture  or  arrangement 
of  its  armour  at  the  postero-lateral  angles  of  the  broad  part  of  the 
organism,  which  are  described  as  lappet-like  pectoral  fins,  lliere  is 
no  more  appearance  of  flexibility  here  than  along  any  other  border. 
There  are  not  the  faintest  lines  of  demarcation  of  any  kind.  In  the 
remarkable  genus  Drepanaspis  the  angles  in  question  are  indeed 
strong  plates,  apparently  without  any  power  of  motion.  Nevertheless, 
Dr.  l^raquair  still  considers  them  as  pectoral  fins,  believing  them  to 
be /'rendered  utterly  functionless  as  fins  by  being  enclosed  in  un- 
yielding bony  plates."  In  other  words,  a  motile  organ,  originally 
used  at  least  for  balancing,  if  not  for  progression,  is  assumed  to  have 
lost  its  function,  not  by  atrophy,  but  by  conversion  into  a  rigid 
structure  continuous  with  its  base  of  support — a  phenomenon  for 
which  I  have  tried  in  vain  to  find  a  parallel  in  the  animal  kingdom. 
Personally,  I  consider  it  is  less  hypothetical  to  believe  that  the 
postero-lateral  angles  in  question  are  not  homologous  with  the  flaps 
in  Cephalaapis,  but  with  the  hinder  end  of  the  branchial  chamber 
of  the  same.  Both  hypotheses  depend  on  negative  evidence,  but 
I  prefer  the  latter  as  most  reasonable. 

With  respect  to  the  flexible  flap  in  Cephalaapis,  which  I  regard  as 
opercular,  but  which  Dr.  Traquair  now  thinks  is  really  a  pectoral 
fln^  I  may  repeat  that  we  know  exactly  its  relationships.  The 
specimens  in  the  British  Museum  show  that  it  is  a  flexible  outgrowth 
from  the  hinder  margin  of  the  roof  (perhaps  more  accurately  the 
outer  and  partly  upper  wall)  of  the  branchial  chamber,  while  the 
external  outlet  of  this  chamber  is  clearly  a  large  oval  opening 
immediately  beneath  (within)  the  base  of  the  flap. 

In  conclusion,  I  therefore  believe  that  Dr.  Traquair's  hypothesis 
of  the  derivation  of  the  Ostracodermi  from  an  early  race  of 
sElasmobranchs  with  a  mandibular  arch  and  paired  fins,  depends 
quite  as  much  on  negative  evidence  as  does  Cope's  theory  that  thej 
are  £eu:  more  primitive  and  best  termed  Agnatha.  I  still  maintain 
that  they  "  are  quite  of  a  problematical  character  " ;  but  of  the  two 
theories  proposed  for  their  interpretation,  I  think  that  of  dope  is,  for 
the  present,  the  less  beset  with  difficulties. 

A.  Smith  Woodwabd. 
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n.  —  Gbsohiohtb  deb  QBOLoaiB  TTND  Palaontologib  bis  Endb 
DBS  19  Jahrhunderts.  Yon  Eabl  Alfred  von  Zittbl. 
(B.  Oldehbourg :  MiiDcben  a.  Leipzig,  1899.) 

HlSTOBT  OF  GbOLOGT  AND  PaLAONTOLOGY  UP  TO  THB  BND  OF  THB 
NiNBTBBNTH  ObNTURY.     Bj  EaBL  AlFBBD   YON   ZiTTBL.      Somj 

8vo ;  pp.  vii  and  868. 
f  IIHIS  volume  forms  one  of  a  series  of  histories  of  science  in 
X  Germany  in  recent  times,  issued,  under  the  patronage  of  the 
King  of  Bavaria,  by  the  Boyal  Academy  of  Sciences  at  Munich. 
Its  preparation  bad  at  first  been  entrusted  to  the  late  Professor  Ewald 
of  Berlin,  but  it  remained  unfinished  at  the  time  of  his  death,  and, 
in  aooordance  with  the  terms  of  his  will,  the  incomplete  MS.,  with 
his  other  papers,  was  destroyed.  The  task  was  then  undertaken 
by  Professor  von  Zittel,  and  the  contents  of  this  volume  prove  that 
it  could  not  have  been  allotted  to  abler  hands.  The  work  was 
intended  originally  to  be  limited  to  a  history  of;  geology  in  Germany 
only,  but  the  author  enlarged  the  plan  so  that  it  should  include 
a  history  of  the  science  generally,  and  present  a  faithful  picture  of 
the  suocessive  stages  in  its  development  wherever  they  may  have 
ocourred.  Whilst  it  may  be  true  that  the  Gbrman  literature  on  the 
subject  has  been,  in  some  parts,  referred  to  with  greater  fulness  than 
that  from  other  countries,  no  important  contribution  from  other 
flouioea  has  been  overlooked,  and  the  author's  comments  and 
criticisms  on  the  writings  and  achievements  of  past  and  present 
geologists  are  marked  by  the  strictest  judicial  impartiality.  With 
respect  to  subjects  which  are  still  matters  of  controversy,  the  author 
takes  a  neutral  position,  and  contents  himself  with  a  plain  statement 
of  facts  and  opinions  relating  to  the  particular  questions  in  dispute. 

The  History  is  treated  under  four  periods  of  very  inequal  length 
and  interest :  1st,  the  geological  knowledge  of  the  ancients ;  2nd, 
ibe  early  stages  of  palaeontology  and  geology ;  3rd,  the  heroic  age  of 
^oology,  from  1790  to  1820;  and  4th,  the  later  development  of 
geology  and  palsBontology. 

With  respect  to  the  first  period,  that  of  the  geological  knowledge 
of  the  ancients,  the  author  shows  that  whilst  facts  relating  to  the 
adenoe  were  of  a  limited  character,  hypotheses  on  the  origin  and 
development  of  the  earth  were  plentiful  enough.  If  any  of  these 
latter  have  perchance  been  found  conformable  to  modern  views,  it  is 
due  to  their  being  lucky  speculations  rather  than  theories  based  on 
observation.  At  the  same  time,  some  of  the  observations  made  at 
this  period  on  earthquakes,  volcanoes,  changes  of  level  of  the  earth's 
anrfaoe,  and  on  the  action  of  water,  are  not  without  importance. 

Nei^er  does  the  second  period,  which  includes  from  about  800  a.d* 
to  tbe  close  of  Buffon's  career  in  1788,  present  us  with  any  solid  or 
striking  advance  in  geological  scienoe.  We  find  that  fossils  aroused 
the  attention  and  curiosity  of  many  of  the  learned  in  different  parts 
of  Europe  during  the  fifteenth  to  the  seventeenth  centuries,  and 
many  were  figured  with  remarkable  fidelity  in  the  works  of  Lister, 
:2auig»  Mid   Enorr.and   Welch;    bnt  their  real  characters  were 
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unreoognized  and  tbey  were  attributed  to  a  certain '  vis  plastioa,'  and 
considered  to  have  been  directly  produced  in  the  ground  where  they 
were  met  with.  Even  when  they  were  seen  to  be  the  remains  of 
extinct  animals,  they  were  supposed  to  have  reached  their  position 
in  the  rocks  through  the  action  of  Noah's  Deluge  I  The  palaoontology 
of  this  period  did  not  advance  beyond  dry,  detailed  descriptions  of 
fossils,  with  fantastic  speculations  as  to  their  origin,  and  their  relation 
to  the  sacred  scriptures. 

Amongst  the  writers  of  this  period  whose  observations  of 
geological  facts  and  whose  views  of  the  origin  and  history  of 
the  earth  are  placed  before  us  by  the  author,  we  find  the  names 
of  Leonardo  da  Yinci,  Giordano  Bruno,  Nicholas  Steno,  Burnet, 
John  Woodward,  Soheuchzer,  John  Ray,  Gharpentier,  and  Guettard ;. 
whilst  amongst  Uiose  distinguished  for  their  observations  on  volcanoes 
and  earthquakes  occur  the  names  of  Delia  Torre,  Desmarest,  Sir  W. 
Hamilton,  and  Faujas  de  St  Fond. 

In  the  concluding  part  of  the  chapter  on  this  period  a  summary  of 
the  views  of  Buffon  on  the  theory  of  the  earth  is  given,  with  an 
appreciative  reference  to  the  position  which  this  great  French 
philosopher  occupies  in  geological  history.  As  an  original 
investigator  and  observer  his  claims  were  limited,  but  he  under* 
stood  the  significance  of  facts,  and  possessed  a  marvellous  capacity 
of  marshalling  them  in  support  of  his  theories.  He  was  incontest- 
ably  the  most  genial  representative  of  that  speculative  movement^ 
held  in  high  repute  in  the  sixteenth,  seventeenth,  and  eighteenth 
centuries,  which  set  itself  to  solve  its  problems  in  a  deductive  way. 
With  Buffon  there  closed  a  period  which  had  indeed  gathered 
together  a  laige  store  of  materials  needful  for  the  earth's  history, 
and  had  moreover  arrived  at  the  conviction  that  the  data  for 
that  history  might  be  obtained  from  the  earth  itself.  But  the 
key  for  the  determination  of  a  chronological  succession  of  eventa 
on  our  planet  had  not  as  yet  been  discovered,  no  satisfactory 
insight  as  to  the  composition  and  building  up  of  the  earth's  cmsi 
had  been  obtained,  nor  of  a  regular  succession  of  the  fossil  remaina 
found  within  it 

With  the  third  period  of  the  heroic  age  of  geology,  placed  by 
the  author  in  the  thirty  years  from  1790  to  1820,  there  commencea 
an  epoch  when  facts  were  recognized  and  sought  after  as  the  only 
sure  foundation  for  theory,  and  a  corresponding  appreciation  waa 
placed  on  the  investigation  and  description  of  the  phenomena  of 
the  earth's  crust  which  are  within  the  limits  of  human  observation. 
Amongst  the  imposing  host  of  geologists  of  this  period  whose  works 
are  passed  under  review  occur  the  names  of  Werner,  Pallas,  Saussure, 
Hutton,  Playfair,  William  Smith,  Leopold  von  Buch,  Alexander  von 
Humboldt,  Alex.  Brongniart,  and  Cuvier.  Perhaps  the  most 
conspicuous  amongst  his  contemporaries  is  the  celebrated  Freibei^ 
Professor,  A.  G.  Werner,  of  whose  teachings  and  of  the  wonderful 
influence  which  he  exercised  on  his  students  a  very  graphic  account 
is  given  by  the  author.  It  is  difficult  to  realize  at  the  present  day 
that  the  teaching  of  Werner  that  all  the  rocks  of  the  earth's  crust 
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had  been  prodaoed  as  ohemioal  or  meohanical  deposits  from  a  watery 
Bolution  aboold  have  been  so  firmly  maintained  and  strennooaly 
defended,  and  tbat  it  was  only  overtlurown  after  a  lengtbened  period 
of  violent  oontroversy. 

But  wbilst  Werner,  witb  a  renown  akin  to  tbat  of  a  propbet,  bad 
drawn  to  bimself  a  sobool  of  ardent  disoiples  from  all  oivilized 
ooontries,  a  simple  teaoher  in  Sootland,  James  Button,  was  preparing 
his  work  on  '*llie  Theory  of  the  Earth,"  which  was  destined  to 
exeroise  a  powerful  influence  on  modem  geology  long  after  the 
Neptnnist  theory  of  Werner  bad  exploded.  The  great  merit  of 
Hatton,  as  the  author  points  out,  is  tbat  he  based  his  conclusions 
on  inductions  from  previously  obserred  facts,  and  explained  the 
phenomena  by  the  action  of  forces  still  in  operation,  so  that  he  bad 
no  need  to  call  in  the  aid  of  supernatural  or  imaginary  powers.  As 
is  well  known,  many  of  Button's  ideas  were  more  fully  expanded 
by  subsequent  authors,  notably  by  Sir  Charles  Lyell,  and  thereby 
the  credit  justly  due  to  him  has,  in  a  measure,  been  attributed 
to  others. 

To  the  genius  of  another  of  our  countrymen  of  this  epoch, 
William  Smith,  is  due  the  discovery  of  the  leading  principle  that 
the  succession  of  the  rocks  may  be  known  by  their  included  fossils. 
A  sympathetic  account  of  William  Smith's  work  is  given  by  the 
anther,  with  an  able  summary  of  his  character  in  the  following 
terms: — ''William  Smith  was  self-educated,  a  man  of  rare  originality 
and  unusual  penetration.  Without  academic  trainiog,  without  any 
guidance,  without  any  material  support,  and  at  the  beginning 
without  even  encouragement  from  bis  contemporaries,  he  succeeded 
by  his  tenacious  perseverance  in  tracing  out  the  geological  structure 
of  England  in  so  clear  a  manner  that  subsequent  investigation  has 
not  made  any  important  change  in  the  groundwork  he  laid  down. 
Smith  limited  himself  to  the  practical  study  of  the  geology  of  his 
native  land,  and  abstained  from  all  general  speculations  on  the 
origin  and  history  of  the  earth.  On  bis  work,  thus  wisely  limited, 
rests  his  greatness,  and  to  it  this  modest,  unselfish,  and  opeo-hearted 
observer  owes  the  well-deserved  appellation  of  Father  of  English 
Geology." 

The  position  occupied  by  geology  in  the  principal  countries  of 
Eorope  during  this  heroic  period,  and  the  lines  of  investigation 
followed  by  the  leaders  of  the  science  in  each,  are  passed  under 
review:  the  various  textbooks  on  geology  and  geognosy  published 
in  this  interval  are  noticed  as  contrasting  favourably  by  their  sober, 
practical  treatment  of  the  subject  with  the  more  speculative  works  of 
the  preceding  epoch,  and  sketches  are  given  of  the  advances  made 
in  the  study  of  petrology  and  paladontology.  Owing  to  the  great 
inflneooe  of  Werner's  teaching,  which  did  not  take  much  account  of 
fiMsils,  their  study  did  not  take  so  high  a  position  during  this  period 
as  that  of  petrology.  The  great  French  anatomist,  Guvier,  however, 
dwelt  much  on  the  importance  of  fossil  organisms  in  the  study  of 
the  earth's  history  in  general,  and  of  organic  life  specially.  In  the 
warm  enlogium  pronounced  on  him  by  Von  Zittel  it  is  pointed  out 
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that  hi9  merit  obiefly  rests  on  his  aohievements  in  vertebrate 
palfiBontology,  in  establishlDg  a  scientifio  method  in  the  nomen» 
olature  of  fossil  osteology,  and  in  the  oonvinoing  proof  which  be 
gave  that  fossil  mammals  belonged  to  eztinot  genera  and  species 
and  that  they  could  not  be  regarded  as  mere  varieties  of  forms  now 
living.  At  the  same  time  be  maintained  the  unchangeableness  of 
species,  and  denied  that  there  was  any  genetic  connection  between 
the  earlier  forms  of  organic  life  and  the  present  ones.  It  must  ho 
•confessed  that  on  some  points  he  stood  at  a  lower  level  of  knowledge 
than  his  contemporaries,  and  that  some  of  his  theoretical  conclusions 
tended  to  hinder  rather  than  forward  the  advance  of  geology. 

The  author's  fourth  period  —  the  more  recent  development  of 
geology  and  palaeontology,  from  1820  to  the  present  time — is  treated 
At  great  length,  and  occupies  about  three-fourths  of  the  volume. 
After  the  close  of  the  last  epoch,  which  might  well  be  termed  the 
spring-time  of  the  science,  geology  entered  on  a  new  phase.  Its 
position  as  not  the  least  important  of  the  natural  sciences  bad  been 
established,  and  in  most  of  the  great  centres  of  academical  learning 
courses  of  study  were  founded  and  collections  of  rocks  and  fossils 
made  for  teaching  its  principles.  The  period  for  great  discoveries 
had  passed ;  hasty  and  superficial  observations  and  wide  generaliza- 
tions were  replaced  by  deeper  and  more  detailed  investigation,  less 
brilliant  perhaps,  but  more  permanent  in  its  results.  The  list  of 
eminent  professors  and  teachers  of  geology  in  the  Universities  of 
Germany  during  this  recent  period  indicates  the  high  importance 
attached  to  the  science  in  that  country,  in  a  measure  greater  than 
that  shown  in  the  corresponding  institutions  in  England  and  in 
Prance. 

The  value  of  geology  in  many  departments  of  practical  life,  suck 
as  mining,  agriculture,  building,  etc.,  was  not  long  hidden  from 
Government  authorities,  and  led  to  the  establishment  of  official 
Oeological  Surveys  for  the  purpose  of  investigating  and  mapping 
the  geological  structure  of  their  respective  countries.  The  first  to 
be  founded  was  that  of  the  Geological  Survey  of  the  United  Kingdom 
in  1835,  and  since  then  Government  Surveys  with  a  similar  object 
have  been  formed  in  nearly  every  State  in  the  civilized  world. 
A  further  notable  impulse  to  the  study  of  geology  in  recent  times 
has  been  derived  from  the  societies  and  associations  for  tbe 
encouragement  of  independent  researches  in  the  science  which  hay^ 
sprung  up  in  dififerent  countries. 

The  wide  field  for  observation  presented  by  the  diverse  aspeotg 
of  geology  in  its  later  developments,  and  the  vast  store  of  materials 
collected  from  so  many  varied  sources,  naturally  led  to  a  division  of 
labour  amongst  the  workers,  and  hence  the  science  became  divided 
up  into  a  series  of  special  departments,  more  or  less  intimately 
linked  to  each  other  and  to  the  sister  sciences,  though  often  differing 
materially  from  each  other  in  their  mode  of  working.  It  was  there v 
fore  impossible  to  treat  the  recent  development  of  geology  as  a  whole^ 
«and  the  author  has  consequently  given  us  a  history  of  the  origin,  tbf 
growth,  and  th9  present  position  of  each. of  the  separate  branphea  of 


Digiti 


zed  by  Google 


Reviews — Indian  Geology.  77 

the  Boienoe,  whioli  Are  referred  to  in  as  many  chapters  under  the 
headings  of  Cosmioal,  Pbysiograpbical,  Dynamical,  and  Topographical 
Geology,  Stratigraphy,  and  Petrography.  It  would  be  beyond  our 
provinoe  to  refer  to  the  numerous  points  of  importance  in  each  of 
these  subjects*  which  have  been  so  thoroughly  and  lucidly  stated  by 
the  author ;  their  intimate  connection  with  the  present  generation  of 
geologists  will  cause  them  to  be  scanned  with  the  liveliest  interest. 

In  the  conclndiug  chapter,  Paleontology,  the  science  with  which 
Yon  Zittel's  name  will  ever  be  associated,  is  treated  in  a  somewhat 
oondensed  form,  and  consists  chiefly  of  short  references  to  the 
principal  groups  of  fossil  organisms  and  to  the  authors  and  works 
in  which  they  have  been  described.  It  would  almost  seem  as  if  the 
author's  vast  knowledge  of  the  subject  had  restrained  him  from 
Tenturiug  into  details  which  might  have  proved  overwhelming. 

We  cannot  finish  this  short  notice  without  expressing  our  high 
opinion  of  the  value  of  this  work  to  all  geologists  and  to  others 
Interested  in  the  science  of  geology  who  desire  to  be  acquainted  with 
its  early  history  and  the  various  stages  it  has  passed  through  in  the 
oourse  of  its  growth  up  to  the  present  time.  The  author  is  heartily 
to  be  congratulated  on  having  successfully  carried  out  this  arduous 
nndertaking,  the  character  of  which  can  only  be  appreciated  by  thoie 
who  have  some  knowledge  of  the  enormous  literature  which  has  U> 
be  studied  and  digested  for  its  preparation. 


III. — Indian  Geology. 

1.  Mkmoibs  of  the    Geological   Subvet    op    India,  vol.    xxv: 

Geology  of  Bellary  District,  Madras  Presidency.  By  E.  Bbuce 
FooTE,  F.G.S.,  P.M.U.  Superintendent,  Geological  Survey  of 
India.  8vo ;  pp.  xviii  and  218  (1895),  with  a  folding  geologically 
coloured  map  of  the  Bellary  District  (October,  1896).  (Cidcutta,. 
1897.) 

2.  The  Geology  of  Bakoda  State.    By  R.  Bruce  Footb,  F.G.S., 

C.F.E.G.S.,  Geological  Survey  of  India  (retired),  and  lately 
State  Geologist,  Baroda.  Published  by  order  of  H.H.  the 
Gaekwar.  8vo;  pp.  x  and  194,  with  3  folding  maps  (1897-98). 
Eeoeived  December,  1899.     (Madras,  1898.) 

THE  author  cf  these  memoirs  is  one  of  the  oldest  and  must 
experienced  members  of  the  Geological  Survey  of  India,  and 
although  he  has  retired  some  time  from  the  staff,  he  has  remained 
resident  in  India.^  He  has  just  sent  us  a  copy  of  his  memuir 
on  the  Geology  of  the  Bellary  District  in  the  Madras  Presidency, 
being  the  last  piece  of  his  official  survey  work,  done  some  time 
ainoe.  The  map  which  accompanies  this  memoir  is  a  good  specimen 
of  modern  ohromolithography,  well  and  clearly  printed  in  colours, 
which  define  alluvium,  laterite-breccia,  the  Dharwar  System  and 
luemaiites,  the  granitoids  and  gneisses,  the  steatite  beds,  granite 
veins^  trap<^ykes,  crystalline  limestones,  eta 

^  tTttdertakitig  the  Oeology  of  Bafoda  and  of  Mysore  States  for  their  respectiye 
IMitti^  Oevemneati. 
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Bellarj  Distriot  lies  between  Haidarabad  on  the  north,  Mysore 
on  the  west  and  soath,  and  Anantapur  on  the  east  It  forms  the 
western  division  of  the  Ceded  Districts  (so-oalled  because  oeded  by 
the  Nizam  by  treaty  in  1800  to  the  East  India  Company) ;  it  lies  in 
the  centre  of  the  Decoan  tableland,  and  has  an  area  of  5,904  square 
miles.  Nearly  the  whole  area  has  a  general  slope  to  the  northward, 
and  is  drained  by  the  Tangabhadra  Biver.  Thirty-one  hills  are  cited 
by  the  author  having  altitudes  varying  from  1,674  feet  to  8,285  feet. 

The  rocks  of  the  district  are  arranged  in  four  principal  groups — 

IV.  Rkcint  and       /  Suhaerial.  —  Talus    formation.       Cemented    Talnaes. 
Post-Tbbtiabt.        Pseudo  -  Lateritio   Breccias.       Eankar   formations. 
Blown  sands.    Eegnr.    Bed  soils.    Mixed  and  wfaito 
soils. 
Alluvial. — Modem  Allnvial  deposits  (loams  and  sbinele 
beds)  of  the  Tnngabhadra  and  its  tnbntaries.    Fosaui- 
ferons  Travertine.     Consolidated  shingles.     Hiffh* 
level  ffravels  (old  allnTium)  of  the  Tnngabhaounu 
Shingle  fans. 
III.  Tbrtiart  (?).        Terrace  Laterite. 
II.  Lower  ( Dharwar  System. — Principal  metalliferons  rocks  of  Soniii 

Transition.       (     India. 
I.  Aroujsan  or 
Mbtamorphio 
^  (        AND  Plutonic.  ; 

The  ArchsBan  rocks,  which  form  the  fundamental  series  in  the 
peninsula,  are  very  largely  developed  in  the  Bellary  District,  and 
occupy  fully  five-sixths  of  its  area.  Their  extent  alone,  therefore^ 
renders  them  the  most  important  geological  series  to  be  treated  of; 
they  are  deserving  of  much  interest,  and  of  far  closer  study  than 
could  be  bestowed  upon  them,  because  of  their  general  poverty 
in  minerals  of  economic  importance,  to  the  quest  fbr  which  mud^ 
more  time  had  to  be  devoted. 

Taking  the  district  as  a  whole,  it  must  be  described  as  consisting 
mainly  of  granitoid  rocks,  generally  of  porphyritio  character,  the 
metamorphic  or  gneissic  crystallines  playing  a  very  subordiuate 
part  in  most  places,  though  of  such  great  importance  in  other  parts 
of  the  Madras  Presidency. 

The  description  of  the  ArchsBan  or  metamorphic  rooks  occupies 
the  whole  of  chapter  iv,  pp.  26-73. 

«Yery  marked  and  interesting  illustrations  of  the  power  of 
weather-action  along  lines  of  jointing  are  to  be  seen  on  tlie  top  of 
the  Fort  Hill  in  the  shape  of  water-holes  which  have  been  utilized 
as  cisterns.  In  every  case  the  weathering  has  worked  along  lines 
of  jointing  and  produced  the  remarkable  holes  which  are  so  useful 
in  holding  rain-water,  and  of  which  the  native  builders  availed 
themselves  so  fully  by  increasing  the  water-holding  capacity  by  dams. 

'<  Some  people  seem  to  think  the  constant  supply  of  water  in  these 
holes  a  rather  mysterious  phenomenon,  whereas  it  is  in  reality  a  very 
simple  one.  The  several  catchment-areas  which  supply  the  holes 
are  more  than  large  enough  to  fill  them  in  good  rainy  seasons,  and 
the  larger  holes  are  so  deep  that  their  stock  of  water  cannot  evaporate 
more  than  partially  before  they  get  a  fresh  supply  from  the  skies,  and 
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thus  they  never  run  dry  in  a  normal  i uooession  of  seasons.  There 
ia,  then,  no  need  to  appeal  to  occalt  oauses,  suoh  as  natural  artesian 
aeUtm^  preesure  derived  from  the  copper-mountain,  or  Mvbterranean 
Sjfphons  connected  with  mysterious  water  stores  at  unknown  depths, 
goodness  knows  where  1 "     (p.  58.) 

The  lower  Transition  or  Dharwar  Books,  a  great  system  of  suh- 
metamorphio  sedimentary  rooks  with  numerous  oontemporaneoas 
trap-flows,  was  first  recognized  by  Foote  as  distinct  from  the 
Soath  Indian  gneiss;  these  rooks  were  originally  deposited  over 
Tery  much  larger  areas  than  those  they  now  occupy,  and  very 
probably  extended  across  the  whole  or  nearly  the  whole  peninsula. 

The  Dharwar  System  was  exposed  to  great  contortion  and  deforma- 
tion  at  a  very  remote  geological  period,  followed  by  vast  denudation, 
which  eroded  and  cut  up  the  enormous  folds,  into  which  they  had 
been  previously  forced,  into  the  great  bands  in  which  they  now 
oooor.  These  transition  rooks  are  richly  interbedded  with  bands  of 
hsBmatite,  giving  them  great  stability  and  resistance  to  denudation, 
•o  that  they  now  form  most  of  the  hilly  country  of  the  district 
Many  illustrations  and  geological  sections  accompany  this  chapter, 
pp.  74-175.  These  are  followed  by  the  intrusive  rocks  in  the 
Archadan  area,  the  Laterite  terraces,  the  alluvial  deposits,  the 
sobaerial  formations,  and  economic  geology.  Under  this  last 
heading  we  find  that  iron,  manganese,  gold,  and  copper  are  met 
with,  the  iron  alone  occurring  in  any  quantity.  There  are  also 
excellent  building  stones. 

The  last  chapter  is  devoted  to  prehistoric  economic  geology,  and 
•desodbes  the  various  implements  met  with  of  Palsdolithio  and 
Neolithic  age  down  to  iron  axes  closely  imitating  polished  stone 
implements  in  form. 

2.  Baroda  State.  —  Mr.  Bruce  Foote  introduces  his  memoir  on 
Baroda  as  follows  : — **  The  duty  of  making  a  geological  survey  of 
tha  Baroda  State  was  entrusted  to  me  early  in  October,  1891,  and 
oooapied  the  working  seasons  of  1892,  1893,  and  1894.  During 
those  three  years  I  visited  carefully  and  examined  closely  all  the 
important  mineral  regions  lying  within  the  limits  of  the  State,  both 
in  Gujarat  and  Eathiawar.  The  completion  of  this  memoir  has  been 
delayed  partly  by  personal  ill-health  and  by  difficulties  connected 
wiUi  the  preparation  of  the  maps  and  plates  requisite  to  illustrate 
the  memoir,  the  work  required  being  of  such  a  nature  that  all  the 
most  important  parts  had  to  be  done  by  myself,  and  did  not  admit 
of  my  being  appreciably  assisted  by  anyone  else." 

The  Gujarat  divisions  of  Baroda  are  separated  from  each  other  by 
interoalated  parts  of  British  territory  belonging  to  the  districts  of 
Sorat,  Broach,  Eaira,  and  Ahmedabad,  and  the  political  agencies  of 
Bewakanta,  Panoh  Mahals,  and  Mahikanta. 

The  southern  half  of  the  Baroda  territory  lies  about  ten  miles 
inland  from  the  Gulf  of  Cambay,  except  in  the  Nausari  taluq 
between  Mindhola  and  Puma  Bivers,  where  the  Baroda  territory 
forms  the  seaboard;   but  the  State  possesses  no  seaport  of  any 
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value,  wliile,  owing  to  the  silting  up  of  the  estuaries  of  the  great 
rivers,  no  oraft  of  any  size  can  ascend  to  any  point  within  the  Slate 
boundaries. 

The  northern  half  of  the  State  lies  entirely  inland  along  the 
valleys  of  Mahi,  Sabarmati,  and  Sarasvati  Bivers. 

The  drainage  of  the  Gujarat  divisions  of  Baroda  State  all  falls 
westward  into  the  Arabian  Sea,  and,  excepting  that  of  the  motiit 
northerly  taluqs,  which  are  drained  by  the  Banass  and  Saras wati 
Bivers  into  the  Rnnn  of  Each,  falls  into  the  Gulf  of  Cambay,  which 
receives  such  a  vast  amount  of  silt  brought  down  by  the  larger- 
rivers  that  it  is  rapidly  being  silted  up,  as  shown  by  the  present 
condition  of  the  harbours  of  Surat,  Broach,  and  Cambay.  Not  twa 
centuries  ago  the  seaports  were  visited  by  fleets  of  shipping  of  the 
ordinary  size  of  the  traders  of  those  days.  Now  they  are  with 
difficulty  reached  by  vessels  of  as  low  a  tonnage  as  about  30  tons. 

The  succession  of  the  rooks  met  with  in  the  Gujarat  divisions  of 
Baroda  State  are  referable  to  the  following  groups,  which  are  here 
arranged  in  descending  order  : — 

VI.  Becent  (b)  Svbaerial  Formations, — Blown  sands;  soils;  the 
great  blown  loam  or  '  Loess  '  formation  ;  fluviatile  and 
marine  alluvia. 

(a)  Old  Alluvia  of  the  Great  Bivers, — Consolidated  grits 
and  ferruginous  gravels  of  the  Sabarmati,  Mahi,  and  Tapti 
Quaternary  deposits. 

V.  The  Eocene  {Nummulitic)  System, — Clays,  cement-stones,  lime- 
stones, conglomerates,  and  laterites  of  the  Kim  and  Tapti 
Valleys.  Laterites  and  sandstones  of  the  S4barmati  Valley. 
Laterites  of  Puma  and  Ambika  Valleys. 

IV.  TJie  Deccan  Trap  (Cretaceous)  and  Intertrappean  Boehs, — Traps 
and  intertrappean  rocks  of  the  Mohar  Valley  (Atarsumba). 
Traps  and  intertrappean  rocks  of  the  Mahi  Valley  (Sauli 
taluq).  Intertrappean  rocks  in  the  Vishwamitri.  Traps  in 
the  Dev  River.  Traps  in  the  valley  of  the  Heran.  Spurs  of 
the  Eajpipla  Hills  north  of  the  Tapti.  Spurs  of  the  Sc^yadri 
range  south  of  the  Tapti.  Dykes  traversing  the  southern 
trap  area. 

ni.  The  JBagh  Series, — Songir  conglomerates  and  sandstones  in 
Sankheda  taluq,  and  conglomerates  and  limestones  in  SauU 
taluq. 

II.  The  Champanir  System, — Quartzites  forming  the  hills  north  of 
the  Orsang  River.  Quartzites,  limestones,  calcareous  schists, 
clay  schists,  and  slates  in  the  valley  of  Heran  and  Aswan 
Rivers. 

L  The  Archaan  Bocks, — Granite  with  pegmatite  veins  of  the  Upper 
Sabarmati  Valleys.  Granites,  gneisses,  and  crystalline  lime* 
stones  of  ilie  Orsang  and  Unch  Valleys,  Sankheda  taluq. 
Intrusive  rocks,  pegmatites,  quartz  reefs,  and  trap-dykes. 

Although  so  much  of  the  country  is  masked  by  deep  coverings 
of  alluvium,  of  sand,  loess,  and  other  late  deposits,  the  Eocene 
(Nummulitic)  System,  where  it  occurs,  yields  some  fossils  which 
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have  be«n  identified  by  Stoliozka  as — Bostellana  Frestwiehi  ;  Tere- 
htUum ;  Cerithium ;  Cypraa  eUgans  ;  Naiica  longispira  ;  Conus,  sp. ; 
TrochuBf  Bp.  I  Pholas,  sp. ;  Pecten  JSbpkinsi ;  P.  Favrei ;  P.  eameui ; 
VulBella  legumen;  Oitrea  Flemingii;  0.  lingura,  etc.;  NummuUteB 
perforata  ;  N,  Brangniarii ;  N,  exponena ;  and  N.  spira. 

Under  the  head  of  Eoonomio  Geology,  the  author  points  to  one 
Berions  drawback  to  the  development  of  the  country,  namely,  the 
want  of  roads.  Owing  to  the  want  of  construction  these  lines  of 
would-be  traffic  are  during  the  rains  totally  impassable,  districts  are 
entirely  isolated  from  one  another,  and  travelling  becomes  impossible. 
In  dry  weathejr  the  mud  is  exchanged  for  deep  ruts  and  suffocating 
clouds  of  dust.  The  tanga  frequently  sinks  up  to  the  axle-tree.  Iron 
and  iron-ores  are  fairly  abundant ;  gold  also  is  met  with,  but  in  very 
small  quantity.  Building  material  can  be  obtained  readily  within 
a  reasonable  depth  below  the  surface  in  the  western  taluqs  of  the 
Kari  and  Baroda  Prauts. 

Part  II  is  devoted  to  a  sketch  of  the  geology  of  the  Gaekwari 
Districts  in  the  Eathiawar  Peninsula.  This  area  is  about  1,320 
■qnare  miles  in  extent,  and  largely  occupied  by  rolling  plains,  which 
as  a  role  are  treeless  and  cheerless  in  aspect.  The  Gir  forest  is  hilly, 
and  is  the  last  refuge  of  the  Gujarat  lion,  now  reduced  to  about  forty 
individuals. 

The  succession  of  the  rocks  in  the  Eathiawar  Gaekwari  is 
limited  to — 

TTT    i>-«-.^  )  AllaTium  uid  eabaerial  depotitf. 

in.  Rbcbit.         JMiUolite. 

ii.T«.TUBT.  ]i:^^^':^' 

1,  Crbtaobous.    Deccan  Trap  Series. 
The  only  economic  product  of  importance  here  seems  to  be  the 
bailding  stones,  principally  the  miliolite  or  Porbander  stone  largely 
qoarried  at  Porbandar. 

It  is  quite  impossible  to  do  justice  as  we  could  desire  to  this 
Talnable  memoir  in  the  space  at  our  command.  Three  large  folding 
maps  greatly  assist  the  comprehension  of  the  regions  described. 

Everyone  interested  in  Indian  geology  will  be  grateful  to 
Mr.  Bruce  Foote  for  his  contributions  to  a  fuller  knowledge  of 
these  districts,  which  he  has  so  carefully  examined  and  reported 
upon.  Wherever  Mr.  Bruce  Foote  goes  he  gathers  not  only 
geological  notes  bat  also  ethnological  treasures.  One  of  these, 
which  he  figures  in  this  volume  (pi.  v),  is  a  rude  Palsdolithic  axe 
from  the  alluviam  of  the  Sabarmati  Biver,  and  is  very  remarkable 
in  shape,  not  unlike  an  iron  adze  in  form. 

lY. — Okitkbal  Bkpobt  on  thr  Wobk  oabbibd  on  bt  thb  Gbologioal 
SuBVBT  OF  India  fob  the  pbbiod  fbou  Apbil  1,  1898,  to 
Maboh  81,  1899.  Under  the  direction  of  G.  L.  Gbibbbaoh, 
CLE.,  F.G.S.    Large  12mo ;  pp.  91.     (Calcutta,  1899.) 

AMONG  the  various  materials  of  this  Beport  there  is  much  interest 
.    to  be  foand  in  the  "  Lists  of  Assays  and  Examinations  made 
in  the  Laboratory  during  the  past  year"  (pp.  3-10),  including  th^ 
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aooovnt  of  s  Sftony  Ueteorite  (p.  2)  wbioh  fell  at  Oambat  in  Sind, 
September  15th,  1897.  Dr.  A.  Ton  Eraaft  reports  on  the  Spiti 
IbstilB  (pp.  11-22),  colleoted  by  Mr.  H.  H.  Hayden,  wboee 
report  on  the  geology  of  Spiti  it  given  at  pp.  46-60.  Eoonomic 
inqairies  by  t£e  Sarveyors,  beginning  with  the  digtribation  of 
mtoa  and  the  local  systems  of  mining,  were  made  under  tiie 
soperintendenoe  of  Mr.  T.  H.  Holland,  whoee  much  extended  issne 
of  the  late  Professor  Yal.  Ball's  aocoinit  of  Indian  Comndnm,  Ruby, 
and  Sapphire,  from  Part  iii  of  the  "Manual  of  the  Geology 
of  India,"  1881,  was  published  in  1898.  A  preliminary  report  is 
given  at  pp.  28-33.  Mr.  La  Tonohe's  discovery  of  a  coal  area  in 
Bikanir  is  reported  (pp.  33-35)  as  being  likely  to  prove  very 
valuable.  Another  landslip  at  Naiui  Tal  is  reported  at  p.  35. 
G^logical  Surveys  have  been  carried  on  in  the  Central  Provinces, 
Central  India,  Western  Rajpntana,  Himalayas,  and  Baluchistan,  with 
good  results,  often  of  much  interest.  A  list  of  additions  to  the 
LibTary  is  appended  as  usual.  T.  R  J. 

y.  —  Thb   Palaoittoorapbioal   Soourrv    of    Lokdon  :    Amhuai. 

Youncs  (LIII)  FOB  1899.  IsMied  December,  1899. 
rpflE  volume  issued  by  the  Society  for  the  year  1899  contains 
L  portions  of  four  monographs ;  two  of  these  are  devoted  to  Hie 
bivalved  Molluscs,  which,  by  the  way,  in  one  monogn^h  are  called 
Lamellibranchia  and  in  the  other  Lamellibranchiata. 
1.  A  Monograph  of  the  British  Paleozoic  Phyllopoda  (Phyllocarida), 
Packard.  By  Professor  T.  Rupert  Jones,  F.B.S.,  F.G.S.,  etc., 
and  Dr.  Henry  Woodward,  F,R,S.,  P.G.S.,  etc.  Part  IV 
(Conclusion) :  Oeneral  Title-page ;  pp.  i-xv,  176,  176  (re- 
printed), 177-211 ;  pis.  xxvi-zxxi 
Tbie  forms  the  concluding  portion  of  this  Monograph,  the  preceding^ 
parts  of  which  appeared  in  the  volumes  of  the  Palnontographical 
Society  for  the  years  1887,  1892,  and  1898.  The  stn^  of  the 
genus  Diihfroearie,  which  was  commenced  in  part  iii,  is  conttiraed 
and  concluded.  Two  new  species,  D.  Duimtt  and  D.  NeiiM&m,  aro 
described  from  tail-pieces;  the  former  upon  specimens  foirad  by 
Mr.  John  Dunn  in  the  Redesdale  Shales,  Northumberland,  the  latter 
upon  examples  in  Mr.  Neilson's  collection  from  East  Kilbride. 
A  new  genus,  Chanoearii,  is  proposed  to  include  McCoy's  DiihyrO' 
tmie  tenmittriatm  from  the  Carboniferous  Limestone  of  Little  Island, 
Oork,  and  a  new  species  (C  Totrngii)  founded  upon  a  specimen  from 
tfi*  Upp^n*  Limestone  group  of  ^e  Lower  Carboniferous  series  at 
Bobroyston,  Lanarkshire.  For  the  unique  specimen  in  the  Musenm 
of  the  G^logical  Survey  of  Scotland  that  was  collected  from 
a  '"greenish-grey'  (now  reddish),  flaggy,  calcareous  shale  of  tbe 
Lower  Bed  Sandstone  series  at  the  Carmichael  Bum,  near  the 
Manse,  four  and  a  half  miles  south-east  of  Lanark,"  and  previously 
described  as  Diihyroearxs  $triaiui,  the  new  genus  CalypUearti  is 
proposed,  and  into  it  is  placed,  somewhat  doubtfully,  a  new  species 
(0.  ?  Biehieriana)  founded  upon  a  single  specimen  fh>m  the  ^Oypri- 
rnnen-Schiefer"  (Entomis^shales),  at  Saalfeld,  Sachsen-Meiningen. 
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Then  follow  desoHptions  of  viurionB  taiUpMces  beloDgiog  to  iht  genas 
Dilhyrocaris ;  some  remarks  upon  the  allied  genas  Meiothyra  from 
the  Devonian  strata  of  North  Amerioa,  and  a  note  upon  F.  A.  Boomer's 
J)H\yrocaris  Jaschei  from  the  Heroynian  Limestone  in  the  Eloster- 
faolz,  near  lUenberg,  Hartz,  wbioh  the  authors  refer  with  a  query  to 
the  genus  Ptychocaris.  There  is  a  short  chapter  on  ''  The  (^astrio 
Teeth  of  Dithyroearit,'*  with  a  number  of  illustrations  of  these  curious 
Iktie  fossils.  The  part  oonoludes  with  observations  on  "  Some  Allies 
of  Dithyroearts"  These  are — (i)  Leheseontia  amgmatica,  a  new  genus 
and  species  founded  upon  two  specimens  which  were  collected  by 
M.  Paul  Lebesconte,  of  Rennes,  from  the  Lower  Silurian  rocks  of 
Brittany  and  neighbourhood,  which,  although  '*  somewhat  obscure 
On  account  of  imperfection,  distortion,  and  embedment,"  the  authors 
believe  to  be  *'  the  relics  of  some  kind  of  bivalved  or  shield-like 
Phyllopod,  near  to  but  not  identical  with  Dithyroearis*' ;  (ii) 
Lebeseontia  occulta,  a  new  form  from  the  "  Upper  Limestone  *' 
series  at  Linn  Spout,  south-west  of  Dairy,  twenty  miles  south-west 
of  Olasgow;  (iii)  Hibheriia  orhictdaris,  already  described  and  figured 
l^  the  authors  in  the  Obolooioal  Magazine  for  September,  1899. 

This  being  the  concluding  part  of  the  Monograph  there  are  various 
lists,  several  pages  of  "  Addenda  et  Corrigenda,"  and  an  index  and 
general  title-page  to  the  whole  volume.  The  binder  is  instruoted  to 
**  eancel  the  title-pages  of  pcurts  i,  ii,  iii»  and  iv  .  .  .  and  substitute 
the  general  title-page  given  in  the  volume  for  the  year  1899  " ;  but 
thongh  the  dates  of  the  several  parts  are  given,  some  workers  may 
prefer  to  have  the  volume  bound  with  the  title^pi^es  of  the  several 
parts  in  position  as  issued.     We  shall  certainly  do  so  ourselves,    f 

2.  A  Monograph  of  the  Cretaceous  Lameflibranchia  of  EnglaCnd. 

By   Henry  Woods,   M.A.,   Stt   John's  College,   Cambridge. 

Part  I :     Nnonlanidss,  Nuoalidtt,   Anomiidas,   and   Aroidsd. 

pp.  1-72:  pis.  i-xiv. 
Mr.  Woods  has  already  devoted  much  attention  to  the  Palaaontology 
of  the  Invertebrata,  and  not  very  long  ago  contributed  to  the  Geo- 
logical Society  of  London  an  important  paper  on  "The  Mollusca  of 
the  Chalk  Rook"  (Q.J.G.S.,  vol.  Hi,  1896,  pp.  68-98,  pis.  ii-iv; 
and  ibid.,  vol.  liii,  1897,  pp.  377-404,  pis.  xxvii  and  xxviii). 
Mr.  Woods  doubtless  found  the  nomenclature  of  the  Cretaceous 
Lamellibranchiata  in  a  sad  state  of  confusion,  and  this  may  have  led 
him  to  commence  the  present  Monograph.  The  bad  state  of  pre- 
stoirvatfon  of  many  of  the  Chalk  Mollusca  renders  their  study 
estceedingly  difficult ;  but  as  the  Chalk  is  now  attracting  the  special 
attention  of  not  a  few  geologists,  it  is  very  desirable  that  all  the 
Mollusca,  especially  the  Lamellibranchiata  and  the  Gasteropoda,  which 
hsve  hitherto  been  in  a  very  unsatisfactory  states  should  be  o^r- 
haoledv  and  the  nomenclature  corrected  as  far  ^  possible^  Mr.  Woods' 
monograph  appears^  therefore^  very  opportunely,  and  h&  deserves  the 
hearty  thanks  of  all  for  undertaking  to  work  out  this  very  difficult 
gfoup^  As  in  every  other  group,  many  species  have  been  very 
difbready  interpreted  by  different  authors ;  we  are  therefore  ^i^ 
ts^  ind  thai  whenevef  possible  the  lype-speeimens  of  the  speoiev 
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have  been  examined,  for  very  often  this  ib  the  only  way  to  arriye  at 
a  Batisfactory  conolusion. 

This  first  part  of  Mr.  Woods'  Monograph  deals  with  the 
NucalanidsB,  the  NuculidsB,  the  Anomiidse,  and  the  ArcidsB.  The 
arrangement  of  the  species  of  each  genus  is  in  the  main  strati- 
graphical. 

The  Cretaceous  members  of  the  family  NuculanidsB  are  comprised 
in  the  genus  Nueulana,  H.  F.  Link,  and  range  from  the  Crackers 
and  Atherfield  Clay  of  Atherfield,  through  the  Gault  and  Upper 
Qreensand,  possibly  into  the  Chalk  Bock.  It  is  found  also  at  several 
horizons  in  the  Speeton  Clay,  a  new  form,  N,  Speetonensis,  being 
described  from  the  Speeton  Clay  of  Speeton,  upon  specimens 
in  the  British  Museum  (Natural  History)  and  in  the  Museum  of 
Practical  Qeology,  but  their  precise  horizon  is  not  recorded. 

The  only  representative  of  the  family  Nuculid»  is  the  genus 
Nueula,  Lamarck,  which  occurs  in  the  Speeton  Clay,  and  ranges  from 
the  Lower  Greensand  through  the  Gault  and  Upper  Greensand, 
possibly  into  the  Chalk  Bock.  A  new  species  (N,  Lamplughi),  the 
types  of  which  are  in  Mr.  Lamplugh's  collection,  is  described  from 
tbe  Speeton  Clay  (D  4)  of  Speeton. 

The  Cretaceous  Anomiidee  are  comprised  in  the  genus  Anomia, 
Linnadus,  which  ranges  from  the  Lower  Greensand  through  the 
Gault,  Upper  Greensand,  and  Cambridge  Greensand,  into  the 
Totternhoe  Stone. 

The  family  Arcidad  is  represented  by  the  genera  Area,  Linnsdus 
(sensu  stricto) ;  Barhaiia,  J.  E.  Gray ;  Grammatodotif  Meek  &  Hayden  ; 
Trigonoarca,  T.  A.  Conrad ;  CueuUaa,  Lamarck,  with  the  new  sub- 
genus JXcranodonta ;  laoarca,  G.  Miinster;  Pectuncvluaf  Lamarck; 
and  lAmopsis,  A.  Sasso.  The  subgenus  Dicranodonta  is  proposed  for 
W.  Keeping's  Cucullaa  Donningtonensis,  the  types  of  which  came 
from  the  Claxby  Ironstone,  Benniworth  Haven,  and  are  preserved 
in  the  Woodwardian  Museum,  Cambridge ;  but  the  species  is  also 
recorded  from  the  Lower  Greensand  of  Upware.  The  author  places 
with  a  query  in  this  same  subgenus  the  species  which  W.  Keeping 
described  as  Peetunctdus  ohliquus  from  the  Lower  Greensand  of 
Upware ;  and  he  considers  that  the  form  described  by  Keyserling 
and  by  Schmidt  as  Pectunculua  Peiachora  probably  also  belongs  here. 
A  new  species  of  PeetunctduB  (P.  euglyphus)  is  founded  upon  three 
specimens  in  Mr.  Meyer's  collection  from  the  Chalk  Marl  (Meyer's 
bed  ii)  of  Dunscombe,  and  a  new  species  of  Zimopsis  (X.  albien$i$) 
upon  some  specimens  from  the  Lower  Gault  (zones  ii,  iii,  and  vii) 
of  Folkestone,  that  are  preserved  in  the  Museum  of  Practical 
Geology,  Jermyn  Street 

8.  A  Monograph  of  the  British  Carboniferous  Lamellibranchiata. 

By  Wheelton  Hind,   M.D.,   etc.      Part   IV:    Edmondidaa. 

Cyprinidad,  CrassitellidsB.     pp.  277-360 ;  pis.  xxvi-xxxix. 

In  the   present   part   the  author  deals  with   the  rest  of   the 

Edmondidaa,  comprising,  in  addition  to  those  treated  of  in  part  iii, 

the  genera  8edgv9ickia,  M'Coy ;  and  Edmondia,  De  Eoninck,  with  the 

subgenus  Scaldia,  De  Byckholt    8edgwiekia  is  represented  by  five 
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speoiee,  three  of  which  {S.  ovata,  S.  Scotiea,  and  8.  suborhiculartB) 
are  described  as  new.  In  his  observations  on  this  genas  the  author 
states  that  "  Venus  centralis,  M'Coy,  and  Dolabra  securiformisp 
M'Ooy  .  •  .  doubtless  belong  to  the  genus ;  unfortunately,  however, 
the  type  specimen  of  the  former  has  decomposed,  and  that  name  can 
no  longer  be  retained."  If  we  are  to  conclude  from  this  statement 
Ihat  when  the  type-specimen  decomposes  the  name  of  the  species 
disappears,  what  a  prospect  for  the  names  of  the  Ganlt  and  London 
Clay  fossils,  which  have  such  a  strong  inclination  to  go  '  wrong  M 
The  genus  J^mondia,  De  Koninck,  is  represented  by  about  twenty 
species,  six  of  which  are  regarded  as  new,  and  the  subgenus  Scaldia^ 
De  Ryckholt,  by  two  species. 

Of  the  Cyprinidee  the  author  recognizes  among  the  Carboniferous 
Lamellibranohiata  only  the  new  genus  Myiilomorpha,  the  typical 
Carboniferous  form  of  which  he  considers  to  be  that  described  by 
Phillips  as  Cypricardia  rhombea  ;  the  only  other  British  Carboni- 
ferous species  being  M.  angulata,  n.sp. 

To  the  Crassitellided  Dr.  Hind  refers  Hall's  genus  CypricardeUa, 
seven  species  of  which  are  described  in  the  present  part ;  Fischer  and 
Beushausen  placed  this  genus  in  the  AstartidsB,  and  the  author  admits 
that  it  really  possesses  characters  intermediate  between  the  two 
'^genera"  [families].  He  regards  AstarteUa  and  Cypricardella  as 
probably  identical,  and  says  (p.  347)  "the  date  of  the  description  of 
Asiariella  is  1858,  the  same  year  as  that  of  Cypricardella"  a  state- 
ment, however,  which  does  not  quite  agree  with  the  references  to 
these  two  genera  given  on  the  preceding  page. 

4.  A  Monograph  on  the  Inferior  Oolite  Ammonites  of  the  British 
Islands.     By  S.  S.  Buckman,  F.O.S.,  etc.    Part  XI.    Supple- 
ment :   ii. — Revision  of,  and  addition  to,  the  Hildoceratidsd. 
pp.  xxxiii-lziv  ;  pis.  v-xiv. 
Mr.  Buckman  continues  his  revision  of  this  family,  dealing  chiefly 
with  the  forms  which  were  referred  in  the  body  of  the  work  to 
Zioeeras  and  Lvdwigia.      He  says  that  "nearly  all  the  specimens 
inscribed  as  Zioeeras  in  the  body  of  this  work  must  be  removed  frem 
that  position."     The  genus  Zioeeras  is  restricted,  opalintis  being  the 
type  species  of  the  genus,  and  "  Qaenstedt's  fig.  10  in  pi.  vii  of  his 
'  Oephalopoden '  is  regarded  as  the  arbiter  of  what  is  opalinusJ* 
Several  new  species  and  not  a  few  new  genera  are  proposed. 

YL — ^A  Treatise  on  Cbystallogbapht. — By  W.  J.  Lewis,    pp.  612, 
with  553  figures  in  the  text     (Cambridge,  1899.) 

DUBING  Mr.  Lewis's  tenure  of  the  University  Profetoorship, 
which  has  extended  over  nearly  twenty  years,  the  subject  of 
Mineralogy  (in  combination  with  Crystallography)  has  been  made 
Au  independent  subject  of  the  Natural  Sciences  Tripos,  and  for 
some  time  has  had  a  considerable  number  of  students ;  a  textbook 
of  Crystallography  at  once  suited  to  the  requirements  of  the  Tripos 
and  corresponding  in  its  methods  and  terminology  to  the  professorial 
lectures  will  be  a  great  boon  to  Cambridge  men,  and  the  book  will 
doubtless  be  welcomed  in  other  TJniversitiids,  both  at  home  and 
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abroad,  more  especially  in  America.  Among  the  many  good  points 
which  we  have  noticed,  we  may  more  particularly  mention  the  luoid 
descriptiona  of  the  methods  of  crystal  drawing  and  the  numerous 
worked  problems  illustrating  in  detail  the  methods  practicallj 
adopted  in  the  calculation  of  the  forms  of  crystals  from  the 
measured  angles.  The  methods  of  projection  and  the  uses  of 
anharmonic  ratios  are  also  well  explained.  In  the  treatment  of  the 
/lubject  great  stress  is  laid  on  the  independence  of  the  thirty-two 
types  of  crystalline  symmetry,  and  their  deduction  and  characteristloe 
are  illustrated  in  full  detail.  Most  of  the  figures  have  been 
specially  drawn,  and  there  are  frequent  references  to  the  specimens 
preserved  in  the  Cambridge  Collection.  The  Cambridge  University 
Press  is  to  be  heartily  congratulated  on  this  particularly  handsome 
and  valuable  addition  to  its  series  of  Natural  Science  Manuals. 

M.  P. 

'I ' 

yn. — ^FiBBT  Appendix  to  ths  Sixth  Edition  of  Dana's  Ststkm 

OF    MiNBBAU)07.     By    Edwabd    S.    Dana.     pp.   75.      (New 

York,  1899.) 

THE  usefulness  of  the  well-known  Dana's  System  of  Mineralogy, 
the  sixth  edition  of  which  was  published  in  1892,  has  been 
increased  by  the  issue  of  a  First  Appendix,  which  includes  within 
a  brief  compass  a  description  of  the  more  salient  characters  of  the 
new  mineral  species  discovered  during  the  last  seven  years,  and 
an  account  of  the  results  of  later  research  on  the  species  already 
described  in  the  Sixth  Edition  itself.  For  convenience  the  mineval 
species  are  noted  in  alphabetical  order,  and  full  references  are  given 
to  the  original  memoirs.  The  Appendix  is  brought  well  up  to  date, 
and  takes  aooonnt  of  researches  published  very  shortly  before  its 
own  appearance.  M.  F. 

Vni. — The  GsoifOQT  ov  the  South  Wales  Coalfield,  Pakt  I : 
The  Country  abound  Newport,  Monmouthshire.  By  Aubrby 
Strahan,  M.A.,  F.G.S.  Memoirs  of  the  Geological  Survey* 
pp.  vi,  97.  (London :  printed  for  H.M.  Stationery  Office,. 
1899,    Price  2«.) 

rE  resarvey  of  the  great  Coalfield  of  South  Wales  was  com* 
menced  in  1891  by  Mr.  Strahan,  and  has  been  carried  on  with 
the  aid  of  Mr.  J.  B.  Dakyns  (who  has  now  retired  from  the  service),. 
Mr.  E.  H.  Tiddeman,  Mr.  Waloot  Gibson,  and  Mr.  T.  C  CantrilK 
The  present  Ifemoir  is  the  first  of  a  series  intended  to  explain  the 
one-inch  geological  maps  of  the  district,  of  which  four  have  now 
been  published.  In  it  we  have  descriptions  of  the  Silurian  rocks  of 
Usk,  of  the  Old  Bed  Sandstone,  Carboniferous  rocks,  Eeuper  Marl, 
Bhsdtio  Beds,  Lower  Lias,  Glacial  Drifts,  and  more  recent  deposits. 
The  Silurian  rocks  comprise  Wenlock  and  Ludlow  Beds,  and  while 
they  are  overlain  with  apparent  conformity  by  the  Old  Bed  Sand<- 
stone,  it  is  noted  that  the  plane  of  demarcation  is  sharp  and  that 
there  is  no  evidence  of  gradation.  This  is  not  as  we  have  usually 
been  taught  to  believe.  Moreover,  instead  of  any  break  in  the  Old 
Bed  Sandstone,  marking  a  division  into  Upper  and  Lower  beds,  it  is 

Digitized  by  VjOOQIC 


Retiew^O.  F.  MaUhet^—TAs  Etchemimem  Ftuuta.       87 

stated  that  the  entire  group  is  made  up  of  a  conformable  series  of  red 
saodsionee,  conglomerates,  and  marls  with  oornsiones.  Of  these, 
three  divisions  haye  been  traced  out  and  coloured  on  the  map. 
Bemains  of  Pteraspis  and  CepludaspU  occur  in  the  lowermost  diirision. 

The  Lower  Carboniferous  rocks  rest  conformably  on  the  Old  Bed 
Sandstone,  but  they  difier  from  equivalent  beds  in  the  Mendip  area, 
inasmuch  as  the  mass  of  "  Lower  Limestone  Shales  "  there,  is  r^re- 
ssoted  in  the  neighbourhood  of  Newport  by  a  lower  bed  of  brown, 
often  oolitic,  encrtnital  limestone  50  to  100  feet  thick,  surmounted 
by  from  40  to  90  feet  of  shale.  Above  is  the  main  mass  of  Carboni- 
ferous Limestone,  which  in  the  area  now  described  varies  from  150 
to  700  feet.  No  particular  attention  appears  to  have  been  given  to 
the  fossils  of  these  rocks,  and  we  can  hardly  wonder  that  this  has 
been  the  case.  Fossils  are  not  readily  to  be  obtained  from  the 
Carboniferous  Limestone  of  Monmouthshire,  and  the  field-geologist 
can  Bcaroely  give  the  weeks  of  labour  to  quarries  and  other  exposures 
of  roek,  without  which  collecting  would  be  of  little  value. 

No  distinct  division  of  **  Upper  Limestone  Shales  "  is  recognized. 
The  strata  immediately  above  the  Carboniferous  Limestone  are 
grouped  as  Millstone  Grit,  and  they  comprise  not  only  the 
characteristic  hard  grit  with  quartz  pebbles,  but  considerable 
masses  of  shales.  The  details  relating  to  the  Coal-measures 
naturally  form  the  most  important  features  in  this  Memoir,  judged 
from  an  economic  point  of  view^  A  study  of  the  various  faults  and 
dislocations  is  most  important,  and  these  will  be  best  understood 
when  the  map  is  placed  alongside  the  memoir.  Descriptions  are 
given  of  the  Kenper  Marls,  the  BhsBtic  Beds,  and  the  Lower  Lias 
which  are  exposed  near  Newport,  in  quarries  and  cuttings  at  Lis- 
Werry  and  at  Ooldcliff  on  the  Severn  shore.  Various  Glacial  drifts, 
Biver  gravels,  and  other  Alluvial  deposits  are  also  described. 

IX. — PSSLIMIHABY  NOTIOB    OF    THB    ETOHBMUflAlf    FJlVHA  OF   OaPB 

Bbbtov.    By  G*  F.  Matthew,  LL.D.,  eta    Bull.  Nat  Hist.  Soc. 
New  Brunswick,  voL  iv,  pp.  198-208,  pie.  i-iv.    December,  1899. 

rEi  fossils  described  in  this  article  were  collected  from  a  terrane 
beneath  the  Cambrian  in  Cape  Breton  Island,  in  the  province 
of  Nova  Scotia,  Canada.  The  sections  given  prove  that  this  terrane 
is  beneath  the  Cambrian,  which  overlies  it  unconformably.  They 
show  no  'Lower  Cambrian/  as  the  faunas  of  Paradoxide$  and 
Proidemu  are  absent,  or,  at  least,  have  not  been  recognized.  The 
beds  are  therefore  assigned  by  Dr.  Matthew  to  the  same  level  as  the 
beds  of  similar  appearance  and  position  in  New  Brunswick  and 
Newfoondland  (see  Gbolooioal  Maqazivb,  Dea  IV,  Vol.  YI,  pp.  373 
and  472,  August  and  October,  1899  ;  see  also  next  notice).  The 
Fre-Oambrian  life-period  thus  revealed  has  been  named  Etcheminian 
by  its  disooverer*  It  was  a  period  characterized  in  this  region  by 
mnoh  voloanio  activity,  and  by  rather  humble  forms  of  Ufe :  worms 
in  abondanoe,  primitive  brachiopods,  CapulidsB  but  few  other 
moUatos»  soma  ostraoods  but  no  trilobites.  None  the  less,  still 
a  long  way  from  the  beginning  of  things. 
The  fauna  in  the  Oape  Breton  Etoheminian  is  quite  difbrent  from 
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thai  fonnd  in  rooks  sapposed  to  be  of  the  same  age  in  Newfoandland ; 
in  faot,  the  genera  are  all  saoh  as  oooar  at  the  base  of  the  Cambrian 
in  New  Brunswick  {FrotolenuB  zone).  A  difference  of  age,  howeyer, 
is  to  be  inferred  from  the  fact  that  the  species  are  all  different  and 
new.  Of  Brachiopods  there  are — Lingulellat  two  species  ;  Zepto- 
bo!u$  (?),  two  sp. ;  Obolu$  (subgen.  Falaobolus,  n.subgen.),  one  sp. ; 
Aerolkde,  one  sp. ;  Acroireta^  one  sp.  Of  Ostraoods  there  are — 
Bradoria  (n.gen.),  three  sp. ;  SchmidteUa,  two  sp.  Four  plates  of 
figures  representing  these  species  accompany  the  article. 

X. — Studies  on  Cambrian  Faunas  :  No.  3,  Upper  Cambrian  Fauna 
of  Mount  Stephen,  eta ;  No.  4,  Fragments  of  the  Cambrian 
Kaunas  of  Newfoundland.  Also  The  Ftcheminian  Fauna  of 
Smith  Sound,  Newfoundland.  By  G.  F.  Matthbw,  D.Sc.,  LL.D. 
Trans.  Roy.  Soc.  Canada,  ser.  ii,  vol.  v  (1899),  sect  4,  p.  39. 

THESE  articles  on  the  early  Palaeozoic  faunas  of  the  eastern  part 
of  Canada  and  Newfoundland  and  on  that  of  Mount  Stephen  in 
British  Columbia  serve  to  extend  and  broaden  our  knowledge  of  the 
species  of  that  early  time  in  America.  Dr.  Matthew,  on  a  careful 
review  of  the  Mount  Stephen  fauna,  concludes  that  it  may  be 
regarded  as  equivalent  to  the  Feltura  fauna  of  N.W.Europe.  Eleven 
genera  of  trilobites  are  recognized, — Ogygia  {OgygopMiB)^  Baihy" 
uriseus,  Zaeanthoidea,  Neolenus  (n.gen.  with  5  n.spp.),  FtyehopariOf 
Dorypyge,  Agnoatus,  CorynexochuSt  DoUchometopus,  OryctocephaluSt 
and  Conoeephalit€8,  Two  new  genera  and  four  new  species  of 
Hyolithidsd  are  described.  This  problematic  group  of  animals  is, 
in  accordance  with  the  views  of  Pelseneer  and  Holm,  absolutely 
removed  from  the  Pteropoda  or  any  other  Mollusca,  and  is  referred  by 
Dr.  Matthew  to  the  Annelida,  a  conclusion  which  is  at  any  rate  more 
consistent  with  their  predominance  at  so  low  a  geological  horizon. 

Under  *  Study '  No.  4,  a  variety  of  forms  from  several  horizons 
of  the  Cambrian  of  Newfoundland  is  described.  Baphistama  (?) 
KelUensis,  n.sp.,  is  an  early  type  of  a  Pleurotomarioid  Oasteropod. 
Several  worm- burrows  and  trails  are  described,  and  a  large  HyolitheM. 
Among  the  trilobites  is  a  3iicrodi$eu8;  the  Agrauloid  forms  are 
represented  by  Strenuella  (subgen.) ;  two  new  species  of  Miomaeea 
are  described ;  one  new  Avalonia,  and  a  fine  Metadoxidee.  The 
ConocoryphinsB  are  re-classified,  C.  triUneatu$  as  subgen.  AtapM^  and 
ErinnyM  venulosa,  Salt,  as  K  (Hdrpides)  breviceps,  Ang. 

The  third  article  gives  the  fauna  of  a  set  of  beds  described  by  the 
author  as  a  separate  terrane,  lying  beneath  the  beds  that  carry  the 
well-known  fauna  of  Paradoxides  and  the  less-known  fauna  of 
Pr<Uolenu$^  which  underlies  it.  This  fauna,  to  which  we  have 
referred  in  the  preceding  note,  is  remarkable  for  the  prevalence  of 
HyolithidsB  and  primitive  types  of  Ghusteropods  and  Brachiopods. 
In  this  article  the  new  Oasteropod  genus  Bandomia  is  described,  and 
the  following  new  species  :  KtUorgina,  one  sp. ;  Bandomia,  one  sp. ; 
Platyceraa,  three  sp. ;  IfodiolopriM,  one  sp. ;  Urotheea,  one  sp. ; 
Heknia^  one  sp.  ;  EyoliiheUm,  one  sp. ;  Orikoih€ML,  four  sp. ; 
Eyolithee,  one  sp. ;  Aptychopsis,  one  sp. 
.  The  articles  are  accompanied  by  eight  plates  of  figures. 
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Obolooioal  Sooibty  of  London. 

December  20,  1899.— W.  Whitaker,  B.A.,  F.R.S.,  President,  in  the 
Chair.     The  following  communications  were  read : — 

1.  ''On  some  Efifects  of  Earth-moYemeut  on  the  Carboniferous 
Yoloanio  Eocks  of  the  Isle  of  Man."     By  O.  W.  Lamplugh,  Esq., 
F.Q.8.,  of  H.M.  Geological  Survey. 
[Commimicated  by  permission  of  the  Director- General  of  the  Geological  Surrey.] 

The  author,  since  the  completion  of  his  survey  of  the  Isle  of  Man, 
has  studied  the  coast-section  in  the  Carboniferous  Volcanic  Series 
between  Castleton  Bay  and  Poolvash,  with  the  result  that  he 
has  discovered  evidence  that  the  strata  have  undergone  much 
deformation  in  pre-Triassic  times,  and  probably  before  the  Upper 
Permian  rocks  of  the  island  were  deposited.  In  the  western  part 
of  the  outcrop  the  volcanic  material  consists  almost  wholly  of  tuff, 
in  places  bedded  and  fossiliferous ;  in  the  eastern  part  there  exists 
a  chaotic  mass  of  coarse  and  fine  fragmental  volcanic  material 
traversed  by  ridges  of  basaltic  rock  and  containing  entangled  patches 
of  dark  limestone.  The  author  now  considers  that  the  larger 
lentides  and  most  of  the  smaller  blocks  of  limestone  have  been 
torn  up  from  the  underlying  limestone  floor  during  a  sliding  forward 
or  overthrusting  of  the  volcanic  series  upon  it.  Such  blocks  do  not 
contain  ashy  material,  and  the  patches  of  truly  interbedded,  ashy 
limestone  can  be  distinguished  from  them.  The  sections  at  Scarlet 
Pointy  Poolvash,  and  between  Cromwell's  Walk  and  Close  ny  Chollagh 
Point  are  described  and  figured.  Strips  of  limestone  are  found  to 
«hoot  steeply  upwards  and  become  wedged  in  between  the  blocks 
in  the  agglomerate ;  they  give  indications  of  sliding  and  disturbance, 
and  their  outer  surfaces  are  indurated  and  chert-like.  The  ash, 
which  usually  rests  on  black  argillaceous  limestone  flags,  in  places 
appears  to  come  into  juxtaposition  with  a  somewhat  lower  horizon, 
crushed,  platy  material  intervening  between  the  two.  Steep  domes 
4>f  the  limestone  break  into  sharp  crests  which  shoot  up  into  the  ash 
and  are  bent  over  towards  the  north ;  and  between  the  crests  there 
are  small  ragged  strips  of  limestone  entangled  among  the  tuff. 
Bands  of  vesicular  basalt  are  bent  and  shattered.  A  dyke-like 
mass  has  had  a  segment  sliced  off  and  thrust  forward  among  the 
agglomerate,  so  that  its  flow-lines  of  vesicles  are  sharply  truncated 
along  the  fractured  edge,  which  is  often  notched  and  filled  in  with 
ash  as  though  lumps  had  been  torn  out  of  it.  The  composition  of 
•the  included  masses  is  influenced  by  the  neighbourhood  of  the  rocks 
in  «tft2,  calcareous  near  limestone,  basaltic  near  the  basalt  masses. . 

The  phenomena  may  be  explained  as  the  result  of  earth-movement 
on  a  group  of  rocks  consisting  of  limestone  passing  up  into  tuff^ 
interbedded  with  lava-flows,  and  possibly  traversed  by  sills  or 
dykes  of  basaltic  rock.  The  effects  of  the  disturbance  appear  to 
be  limited  vertically  and  horizontally,  and  to  have  been  influenced 
by  the  differential  resistance  of  the  component  rocks.  Analogous 
features  occur  in  the  Borrowdale  Volcanic  Series  and  in  the  Silurian 
▼oloanio  rooks  of  Portraine. 
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2.  "The  Zonal  Classifioation  of  the  Wenlock  Shales  of  the  Welsh 
Borderland."  By  Miss  Gertrude  L.  EUes.  (Gommanioated  hj 
J.  E.  Marr,  Esq.,  M.A.,  F.K.S.,  F.G.S.) 

This  paper  deals  with  the  Wenlook  Bocks  of  Builth,  the  Long^ 
Mountain,  and  the  Dee  Valley,  and  establishes  the  following 
sequence  in  these  districts: — 


BxriLTH. 
Lower  LucUow. 

Long  Mountain. 
Lower  Ludlow. 

& 

1 

Dbb  Vallby. 
rNani-Glyn  Flags. 

BOVTEWBOK 

SwsDBir. 
OardioU'ShMkB. 

6.  Zone  of 
Cyrtograptut 
LundarenL 
Tnllb. 

Zone  of 
C.  Lundgrmi. 

Slatet  with  very 
few  graptolites. 

Zone  of 

C.  Carruthern, 

Lapw.  B  Zone  of 

5.  Zone  of 
CyrtograpfM 
riffidus,  TuUb. 

Zone  of 
C.  rigidut. 

— 

Zimot 

4.  Zone  of 
Cyrtograptu$ 
lAnnartaoni, 
Lapw. 

Zone  of 

? 

Zone  of 
C.  Linnarsaotti, 

C.rigtdui, 

3.  Zone  of 
Cyrtograptus, 
sp.  noY. 

Pen-y-glog  Giit. 

ZOMOf 

2.  Zone  of 
Monograptut 
RiccurUmmsiit 
Lapw. 

Zone  of 
Jf.  HieeartonensU 

1 

i 

Zone  of 
M.  Rtcnartoneniu, 

/ 

1.  Zoned 
Cyrtograptu$ 
Murchtioni, 
Carr. 

? 

Zone  of 
a  Murchismi. 

Zone  of 
C.MttrfihitOHi. 

(Local 

Unconformity.) 

Tarannon  Shales? 

Llandovery  Grits. 

(Local 
XJnoonformitj.) 
Purple  Shales 

(?  Tarannon). 
Llandovery  Grits. 

(Sneoession  conformable.) 

Tarannon  Shales. 

Corwen  Grit. 

(SnocenoA 

eonfonoable.) 

Shaleawith 

graptolites. 

The  results  obtained  by  the  author  completely  confirm  the  work 
of  TuUberg  on  the  Wenlock  Shales  of  Southern  Sweden. 

Along  the  Welsh  border  the  Wenlock  Bocks  do  not  cover  a  larg» 
area,  bat  are  merely  a  fringe  to  the  Ludlow  Bocks.  The  former 
are  characterized  by  graptolites  of  the  priodon'Flemingii  type,  the 
latter  by  those  of  the  colonw  type^ 

The  general  structure  of  the  Builth  district  is  a  syncline  towarda 
the  north  and  north-west  part  of  a  series  of  folds  whose  axes  nm 
north-east  and  south-west  A  later  set  of  movements,  along  east 
and  west  axes,  and  of  later  date,  lifted  the  district  to  the  norUi  and 
north-west  of  Builth,  and,  combined  with  the  e£feot  of  prevkma 
movements  and  subsequent  denudation,  caused  the  exposare  in  tiift 
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north  and  norih-west  of  bed9  which  are  OT^rlapped  to  tho  east  The 
full  tiz  Kones  in  the  foregoing  table  ocoar  to  the  north-east  of 
BuUth  Road  Station,  but  aome  of  them  are  overlapped  north-west  of 
Bailth ;  and  at  Aberedw  Hill,  east  of  Bailth,  only  the  highest  z<me 
is  exposed.  The  entire  suocession  in  the  north  and  north-west  part 
of  the  district  is  given  below : — 

T^xxm^     [      10-  Hard  light-grey  siliceonB  flags. 

'    \        9.  HicaoeooB  sandy  shalei,  with  rotten  limestone  bands. 

5.  Calcareous  flagstones,  with  foseiliferous  bands. 
(/)  7.  Calcareous  fismle  shales,  with  beds  of  flagstone. 

=  Zone  of  CyrtograptM  Lund^mi, 
{e)  6.  Hard  grey  calcareous  shales  with  graptolites. 
B  Zone  of  OyrtograptM  rigidut, 

6.  Light-coloured  flaffs,  unfossiliferous      (400  feat)  ^ 

(<Q  4.  Grey  calcareous  nags  and  shales,   with  limestone 

concretions 300  feet. 

B  Zone  of  CyrtograptM  Zitmarami, 
(<?)  3,  Soft  shales  with  harder  flaggy  beds        200  feet. 

B  Zone  of  CyrtograptMf  sp.  noT. 
(b)  2.  Hard  calcareous  flagstones       300  feet. 

=  Zone  of  Monograptut  Riceartmmmt, 
(a)  1.  Soft  flssile  shales  alternating  with  flags. 

ss  Zone  of  Cyrtograptu$  Murchiaoni, 

The  Wenlook  Shale  of  this  area  was  deposited  on  the  sinking 
abore-line  of  the  old  Llandeilo  ridge,  resulting  in  the  overlap  of 
higher  beds  on  lower. 

11)6  Long  Moantain  is  a  syncline  with  north-east  and  south-west 
axis.  Here  also  there  must  have  been  deposition  on  a  sinking  ridgo 
aooompanied  by  overlap.  The  lowest  beds,  exposed  near  Chirbury, 
belong  to  the  zone  of  Monograptus  Biceartonen»i$  ;  but  on  the 
north-west  side,  near  Middletown,  the  lowest  beds  seen  above  the 
TarannoD  shales  belong  to  the  zone  of  Cyrtograptus  Zinnarssoni, 
The  relationship  of  these  beds  to  the  Tarannon  shales  is  regarded 
••  an  nnoonformability.  The  sections  in  this  district  confirm  those 
established  for  the  Bnilth  area. 

lo  the  Llangollen  Basin  the  general  structure  is  a  synclinal  fold 
complicated  by  many  minor  folds  and  faults.  The  'pale  slates' 
are  covered  by  darker  shales  belonging  to  the  zone  of  Oyrtograptu» 
MwrehtMom ;  and  in  this  district  the  relationship  of  the  lowest  zones 
is  clearer  than  at  Builth  or  the  Long  Mountain. 

The  palsBontolc^cal  part  of  the  paper  describes  several  species, 
mmo  of  which  are  recorded  for  the  fii-st  time  in  the  country : 
Cffrtograptna  Carruthern,  C,  rt^tdiis,  and  a  new  species  of  Cyrto- 
§tmph^  of  sonal  value^  four  varieties  of  Monograptus  FUmingiir 
tiirae  of  If.  votMrinus^  one  variety  of  ilf.  testis,  and  two  new  species 
of  Motu>graptus  are  amongst  the  forms  dealt  with. 

d*  **  On  an  Intrusion  of  Diabase  into  Permo-Carboniferous  Bocks 
at  IVederick  Henry  Bay  (Tasmania)."     By  T.  Stephens,  Esq.,  M.A., 

F.a.& 

The  relationship  of  the  abundant  diabase  to  the  Permo-Carboni- 
fBrons  strata  of  the  island  has  been  long  a  matter  of  dispute. 
Among  others,  Jokes  described  sections  which  appeared  to  confirm 
the  view  that  Permo-Oarboniferous  sediments  vrere  deposited  round 
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vast  masses  of  igneoas  rock  previously  oooled  and  denuded.  The 
author  has  identified  and  visited  the  sections,  and  finds  in  one  that, 
although  there  is  a  step-like  junction  between  the  sediments  and 
the  igneous  rocks,  it  is  the  result  of  intrusion  of  diabase,  and  not 
of  the  deposition  of  sediment.  The  sediment,  which  is  fossiliferous, 
is  converted  into  an  intensely  hard  whitish  marble,  and  the  associated 
shale  bands  into  chert  The  diabase,  which  is  ordinarily  an  ophitio 
rock,  acquires  at  the  junction  a  finely  crystalline-granular  structure. 
Jukes's  second  section  also  gives  undoubted  evidence  of  intrusion. 


Geological   Sooiety    of    London  :    Medals   and   Awards, 

January  10th,  1900. 
The  Council  of  this  Society  has  decided  to  give  the  Medals  and 

Awards  on  February  16th,  1900,  as  follows: — 

The  "  Wollaston  Gold  Medal "  to  the  American  Geologist,  Professor 
G.  E.  Gilbert,  For.  Memb.  Geol.  Soc,  of  the  United  States 
Geological  Survey,  Washington,  D.C.,  U.S.A. 

The  "  Murchison  Medal "  to  Baron  Adolf  Erik  Nordenskiold,  Ph.D., 
For.  Memb.  Geol.  Soc.,  of  Stockholm. 

The  ''Lyell  Medal"  to  Mr.  J.  E.  Marr,  M.A.,  F.R.S.,  F.G.S.,  of 
Cambridge  (for  many  years  Secretary  of  the  Geological 
Society  of  London),  Fellow  of  St.  John's  College,  Cambridge. 

llie  Wollaston  Fund  to  Mr.  George  Thurland  Prior,  M.A.,  F.G.S., 
of  the  Mineralogical  Department,  British  Museum  (Natural 
History),  S.W. 

The  Murchison  Fund  to  Mr.  A.  Vaughan  Jennings,  F.L.S.,  F.G.8., 
Assoc.  R.S.M.,  etc. 

The  Lyell  Fund  to  Miss  G.  L.  Elles,  Woodwardian  Museum, 
Cambridge. 

The  Barlow-Jameson  Fund  (1)  to  Mr.  G.  C.  Crick,  Aseoa  RS.M., 
F.G.S.,  Geological  Department,  British  Mufteum  (Natural 
History).  Cromwell  Eload,  S.W. ;  (2)  to  Professor  T.  T* 
Groom,  M.  A.,  D.Sc.  Lond.,  F.G.S.,  of  the  College,  Beading. 


OOI^ieESI=>OIiTnDB31TOE5. 


THE  COLOUR  OF  GLASLYN  AND  OF  LLTN  LLYDAW. 
Sir, — Glaslyn  and  Llydaw  are  the  names  of  the  two  chief 
Snowdonian  lakes.  Glaslyn  has  from  time  immemorial  been  noted, 
as  its  name  implies,  for  the  greenish  colour  of  its  water ;  but  until 
this  year,  1899,  there  has  not  been  anything  peculiar  about  the 
colour  of  Llydaw.  Last  summer,  however,  for  the  first  time  within  at 
least  the  last  fifty  years,  the  water  of  Llydaw  has  become  as  green  as 
that  of  Glaslyn.  The  cause  of  this  change  of  colour  is  not  far  to  seek, 
for  last  spring  the  company  that  works  the  Snowdon  copper-min^ 
oommenoed  crushing  and  washing  their  ore  on  the  bank  of  Llydaw, 
BO  that  a  large  quantity  of  greenish  d6bris  is  daily  carried  into 
.the  lake,  whose  water  has  thus  become  turbid  and  greenish  in 
.colour.  The  rock  excavated  along  the  copper  veins  is  of  a  greenish 
hue,  as  anyone  m^y  see  by  looking  at  the  tips  at  the  mouths  of  the 
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idit  levelB.  The  change  of  coloar  in  Llydaw  explains  the  oolour  of 
Glaslyn,  ahont  the  caase  of  whioh  there  has  hitherto  been  some 
doubt,  for  it  must  now  be  obyious  that  Glaslyn  owes  its  green  coloar 
to  the  detritus  of  green  rock  washed  into  t  from  the  adit  levels  of 
the  mine.  J.  E.  Daktns. 

Pnr-T-QwBTD,  Nov.  14,  1899. 


CATALOGUE  OF  THE  FOSSIL  CEPHALOPODA   IN  THE   BRITISH 
MUSEUM  (NATUKAL  HISTORY).  PART  III :  A  CORRECTION. 

Sib, — The  woodblocks  used  in  illustrating  Part  iii  of  the  **  Cata* 
logue  of  the  Fossil  Cephalopoda  in  the  British  Museum  (Natural 
History),"  by  Dr.  A.  H.  Foord  and  myself,  have  just  passed  through 
my  hands,  and  on  comparing  them  with  the  figures  in  the  book 
I  find  that  there  has  been  a  very  unfortunate  transposition  of  the 
figures  of  the  suture-lines  of  some  of  the  species  of  Oephyroceras. 
The  blocks  themselves  are  numbered  correctly,  but  owing  ta 
a  printer's  error  they  do  not  appear  in  their  proper  places  in  the 
▼olume.  The  following  corrections  are  necessary  : —  For  Fig.  3S 
(suture-line  of  Oephyroceras  afine)  see  Fig.  34 ;  for  Fig.  34  (suture- 
line  of  Oephyroceras  calcidiforme)  see  Fig.  36 ;  for  Fig.  35  (suture- 
line  of  Oephyroceras  aquahile)  see  Fig.  33  ;  and  for  Fig.  36  (suture- 
line  of  Oephyroceras  serratum)  see  Fig.  35.  These  four  figures,  then, 
with  their  descriptions,  should  have  been  as  follows : — 

Fio.  33. 


-v\f/v 


Sntnre-liiie  of  Gephyroeera$  qfflne  (Steininger).  Copied  from  Holzapfel  and  completed* 

Fio.  34. 


-^■\i^^ 


Satnie-line  of  O^phyrocerat  caleuUfomu  (Beyrich),  enlarged.    After  Sandberger. 

Fio.  Z5, 

I 

Satore-line  of  Oephyroc$ra$  aquabiU  (Bejrich).    After  Sandberger. 
Fio.  36. 


JA/KA. 


Suture-line  of  Gephyroarat  $erratum  (Steininger).    After  Sandberger. 

GlO.  C.  Cbiok. 
BunsH  IfusBUM  (Natvbal  Histo&t). 


D$€0mher  22,  1899. 
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THB  SUB-OCEANIC  VALLEY  OF  THE  EIVBE  CONGO. 
Sib,  —  I  have  jast  oompleted  the  deUtilB  of  this  magnifioent 
^bmerged  river-channel  by  means  of  theaonndings  on  the  Admiralty 
diart  No.  604.  Fortunately  they  are  soffloienily  nmnerona  at  this 
part  of  the  A^'oan  coast  to  enable  me  to  do  so  with  great  aocoiacy. 
That  the  Congo  valley  is  continued  under  the  Atlantic  to  a  great 
depth  has  been  known  for  some  years,  and  accompanying  the  paper 
by  Mr.  Edward  Stallibrasa  on  **  Deep*8ea  Soundings  in  conneoticn 
with  Submarine  Telegraphy,"*  there  is  a  plan  of  this  sub-oceanio 
▼alley  from  the  mouth  of  the  Congo  down  to  the  1,000-fathoin 
oontour,  which  very  closely  corresponds  with  that  drawn  by  myself. 
The  scale  of  Mr.  Stallibrass'  map  is  about  half  that  of  the  Admiralty 
obart,  or  about  25  miles  to  the  inch  :  the  details  deserve  publioatioB 
on  the  full  scale.  The  length  of  the  submerged  valley  is  about  120 
miles,  and,  like  those  of  the  West  of  Europe,  it  opens  out  on  the 
abyssal  floor  at  a  depth  of  1,200  fathoms.  The  valley  is  remarkably 
straight  for  a  distance  of  about  100  milea,  and  nearly  coincides  wi^ 
the  6th  parallel  of  South  latitude,  but  at  this  point  bends  slightly 
northwards.  It  is  generally  narrow,  and  bounded  by  walls,  in  womm 
places  precipitous,  descending  to  depths  of  2,000-4.000  feet  within 
very  short  horizontal  spaces,  and  the  average  fall  of  the  channel 
is  60  feet  per  mile.  It  is  unnecessary  to  point  out  the  significanoe 
of  the  presence  of  this  great  submerged  river  valley  as  far  sotitli 
as  6^  beyond  the  Equator.  It  proves  beyond  question  that  the 
western  margin  of  Africa  has  shared  in  the  great  upheaval  and 
subsequent  depression  by  several  thousand  feet  of  that  of  Western 
Europe  and  the  British  Isles,  and,  let  me  add,  represents  on  the 
eastern  side  of  the  Atlantic  the  uprise  and  depression  of  the 
Antillean  continent  so  ably  elucidated  by  Professor  Spencer.  I  hope 
to  treat  this  subject  more  fully  in  a  paper  to  be  read  before  the 
Victoria  Institute  this  session.  Edwabd  Hull. 

Jmuaty  15,  1900. 


JOHN  RUSKIN,  M.A.,  LL.D.,  D.C.L.,  F.G.S. 
BoBK  Fbbbxta&t,  1819.  Died  Jakuabt  20,  1900. 

The  great  Art-writer  and  Critic  of  the  century,  John  Buskin, 
passed  away  peacefully  on  the  afternoon  of  Saturday,  20th  January, 
his  life's  work  accomplished  long  since. 

Few  men  have  had  greater  iufloenoe  on  modem  thought  in  matters 
pertaining  to  art,  pictures,  sculpture,  and  architecture  than  John 
Buskin ;  he  was  always  an  idealist  and  romantically  enthusiastic  in 
his  notions,  and  wholly  uirworldly,  yet  no  one  believed  more  strongly 
than  be  did  ia  his  ability  to  regenerate  the  world  and  reform  its 
abuses.  His  kindness  of  heart  was  extreme,  and  his  sympathies 
were  universal.  He  has  been,  as  such  a  man  naturally  would  be, 
severely  criticized  for  his  published  views  on  *  Political  BoOtWiay,* 

1  Joum.  Td^^csphie  Eogineen,  toI.  zn  (1888),  p.  479. 
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«nd  his  fieroe  oomments  on  those  mannfaotnrers  and  merchants  who 
|nle  up  riohes  by  the  employment  of  labour.  Doubtless  Buskin 
forgot  for  the  moment  that  his  own  splendid  abilities  mainly  owed 
the  opportunity  for  their  derelopment  and  sustained  energy  through 
life  to  the  acoumulated  fortune  of  his  father,  a  partner  in  the  firm  of 
Buskin,  Telford,  &  Doroecq,  London. 

His  success  as  an  art-critic  and  writer  gave  him  unbounded  belief 
in  his  power  to  carry  out  any  matter  upon  which  he  had  set  his 
heart.  Thus,  at  one  time  (resenting  the  intervention  of  publishers) 
he  determined  to  print,  illustrate,  and  publish  his  own  works.  At 
another  time  he  started  a  business  as  a  tea-dealer  in  order  to  show 
that  trade  might  be  conducted  in  an  honourable  and  honest  manner. 
He  encouraged  the  undergraduates  at  Oxford  to  dig  and  repair  the 
roads ;  and  he  himself  undertook  to  keep  the  streets  clean  between 
the  British  Museum  and  St.  Giles',  engaging  a  stafif  of  helpers  and 
setting  them  an  example  of  their  duties. 

Everyone  who  loves  Buskin  is,  of  course,  well  acquainted  with 
his  numerous  works — his  "  Modern  Painters,"  "  Stones  of  Venice," 
"Seven  Lamps  of  Architecture,"  "Lectures  on  Architecture  and 
Painting,"  "  Fors  Clavigera,"  "  Ethics  of  the  Dust,"  "  Sesame  and 
Liliee,"  and  some  thirty  other  works,  essays  and  lectures.  But  how 
many  are  aware  that  he  had  a  strong  attachment  to  geology  and 
mineralogy  I 

When  taken  as  a  boy  to  Wales  by  his  parents  he  enjoyed  his  first 
sight  of  really  bold  scenery  ;  he  ascended  Snowdon  and  Cader  Idris, 
and,  to  his  intense  delight,  found  for  the  first  time  in  his  life  a  real 
mineral.  Buskin  believed  if  he  had  been  allowed  to  remain  there 
in  charge  of  the  good  Welsh  guide  and  his  wife  they  would  have 
made  a  man  of  him,  and  also  "  probably  the  first  geologist  of  mv 
time  in  Europe."  Although  this  youthful  dream  was  never  realized, 
and  he  devoted  his  after  years  to  art  and  architecture,  his  crossings 
and  recrossings  of  the  Alps  in  his  frequent  pilgrimages  to  his 
beloved  Italy  made  a  powerful  impression  upon  his  imagination, 
as  ^  may  be  seen  by  his  notes  and  sketches  published  in  the 
Okolooioal  Maqazins  for  1865,  whilst  his  subsequent  papers  on 
Banded  and  Brecciated  Agates,  1867-1870,  op.  cit.,  may  still  be  read 
with  intense  pleasure  for  their  wonderful  word-painting ;  these,  too, 
being  all  illustrated  hy  Buskin's  oton  hand.  His  "Deucalion"  on 
Geology  is  also  most  attractive. 

Only  a  few  vears  sinQS  he  was  deeply  engrossed  in  arranging  a  case 
of  specimens  m  the  Mineralogical  Gallery  of  the  British  Museum  of 
Natural  History,  Cromwell  Bead,  to  illustrate  the  structure  of  Agates, 
Aooompanied  by  a  printed  description  by  himself.  To  this  collection 
he  also  presented  the  great  South  African  uncut  natural  gem,  which 
he  named  the  "Colenso  Diamond"  after  the  late  Bishop  Colenso. 
The  Buskin  Museum,  founded  by  him  at  Meersbrook  Hall,  near 
Sheffield,  is  a  treasure-house  of  Art,  in  which  minerals  also  find 
«  place.  Of  Buskin's  many  acts  of  noble  generosity  to  the  world 
the  public  Press  is  now  everywhere  speaking  in  most  just  and 
appreciative  praise ;  the  innumerable  kindnesses  which  he  secretly 
performed  will  never  be  known,  but  they  will  serve  to  keep  his  . 
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memory  green  in  the  hearts  of  a  large  circle,  to  whom,  although 
occupying  quite  humble  positions,  he  had  endeared  himself  for  all 
time  by  calling  them  Ms  friends, 
TiTLss  OF  Prof.  Bu8kin*8  Papbbs  printed  nr  thb  Obolooioal  Maoazinb. 

1.  **  Notes  on  the  Shape  and  Structore  of  some  parts  of  the  Alps,  with  reference  to- 

Denudation."    Vol.  II  (1865),  pp.  49-54  and  193-196,  PI.  VI  and  Woodcuts. 

2.  "On  Banded  and  Brecciated  Concretions."     Vol.  IV  (1867),   pp.  337-339, 

PI.  XV. 

3.  "  On  Brecciated  Formations."    Vol.  IV  (1867),  pp.  481,  482,  PI.  XX. 

4.  "  On  Brecciated  Concretions."    Vol.  V  (1868),  pp.  12-18,  PL  III  and  Wood- 

cuts; pp.  169-161,  PI.  X;  and  pp.  208-213,  PI.  XIII  and  Woodcuts. 
6.  "  On  Brecciated  Concretions."     Vol.  VI  (1869),  pp.  529-634,  PI.  XIX  and 

Woodcuts. 
6.  «  On  Banded  and  Brecciated  Concretions."     Vol.  VII  (1870),  pp.  10-14,  PI.  II 

and  Woodcuts. 


3SZCISOEXjXi-A.IsrEO"CrS. 

♦ 

Presentation  of  a  Testimonial  to  the  Bry.  Pbovessor 
Wiltshire,  M.A.,  D.Sc,  F.L.S.,  F.G.S.,  etc.,  Honorary  Secretary  of 
the  Bay  and  Palsdontographical  Societies. — A  well-attended  meetings 
of  the  members  of  the  Palseontographical  and  Bay  Societies  was  held 
at  the  Qeological  Society's  Apartments,  Burlington  House,  on 
Tuesday,  December  19 ;  the  Bt.  Hon.  Sir  John  Lubbock,  Bart.,*  P.C., 
M.P.,  D.C.L.,  LL.D.,  F.B.S.,  President  of  the  Bay  Society,  in  the 
chair,  supported  by  Dr.  Henry  Woodward,  F.B.S.,  F.Q.S.,  President 
of  the  Paladontographical  Society.  The  object  of  the  joint  meeting 
was  to  present  to  the  Ber.  Prof.  Wiltshire,  the  Hon.  Secretary  of  both 
the  above-named  Societies,  his  portrait  in  oils,  an  illuminated  address, 
and  a  cheque  for  £138 — the  balance  of  the  sum  subscribed  after 
defraying  expenses— in  recognition  of  the  services  rendered  by  him 
to  these  Societies  and  to  Palaeontology  and  Zoology  during  a  period 
of  more  than  thirty  years.  ITie  portrait  was  executed  by  Miss 
Atkinson,  the  illuminated  address  by  Miss  O.  M.  Woodward. 
Among  those  present  were — The  Bight  Bev.  Bishop  Mitchinson, 
Master  of  Pembroke,  Oxford;  Professor  T.  McKenny  Hughes,  F.B.S.^ 
and  Professor  W.  J.  Lewis,  of  Cambridge  ;  the  Bev.  B.  A.  Bullen^ 
the  Bev.  G.  F.  Whidbome,  V.P.  Pal.  Soc,  the  Bev.  H.  H.  Winwood, 
Dr.  W.  T.  Blanford.  F.B.S..  Mr.  John  Hopkinson,  Professor  T.  Bupert 
Jones,  F.B.S.,  Sir  Owen  Boberts,  Dr.  D.  H.  Scott,  F.B.S..  Mr.  F.  W^ 
Budler,  F.G.S.,  and  Mr.  A.  Strahan ;  many  ladies  were  also  present 
The  presentation  address  was  delivered  by  Sir  John  Lubbock,  and 
the  Bev.  Professor  Wiltshire  responded.  Speeches  were  also  made 
by  Dr.  Woodward,  Professor  T.  McEenny  Hughes,  Bev.  G.  F. 
Whidbome,  and  the  Bev.  H.  H.  Winwood;  132  subscribers  took 
part  in  the  testimonial. 

Corrigenda. — In  Mr.  F.  Chapman's  paper  on  PateUinaAimestone^ 
which  appeared  in  our  last  issue,  the  following  corrections  should, 
be  made :  pp.  11, 12,  and  17,  for  PatelUna  EgypUensis  read  PaUtiina 
MgypUensis ;  pp.  13  and  17,  for  Polytrema  papyraeea  read  Polytrema 
papyraceum.  —  Also  on  p.  40,  line  20  from  foot,  for  "Applied 
Geology,"  read  "  Applied  Geography." 

»  Now  "  Lord  Ayebury." 
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FORAMINIFERA 

FROM  THE   FORMBY   AND   LEASOWE   POST-QLACIAL   BEDS. 


Magnified  40  diameters. 
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L — A  OONBUBUnOH  TO  PoST-GLiLOIAL  QlOLOaT. 
By  T.  MxLLiJLD  Bbadb,  OB.,  F.G.S.,  F.E.I.B.A. 
(PLATE  T.) 

FOBAMINIFEBA   OF  THS  FOBMBT  AND  LbASOWS  MaBIHK  BsDS. 

IN  1871  I  read  a  paper  before  the  Liverpool  Geological  Society 
describing  the  extensile  and  interesting  submarine  forests 
aoMl  associated  Post-Olacial  beds  that  oocnr  fringing  the  ooasts 
of  Cheshire  and  of  Sonth-West  Lancashire.^ 

The  first  known  description  of  these  fossil  forests  was  in  the 
(hmAeman^B  Magazine  for  1796.'  Since  then  they  have  been 
described  by  Mr.  O.  H.  Morton  in  his  *'  Gtoology  of  the  Neighbour- 
hood of  Liverpool,"  by  the  late  Mr.  Oharles  Potter,  and  others,  and 
by  Mr.  C.  E.  De  Banoe  in  the  Memoirs  of  the  Geological  Survey ; 
and  have  formed  the  theme  of  vigorous  controversy  on  many 
occasions  at  the  meeting  of  the  Liverpool  Geological  Society. 

In  the  paper  referred  to  it  was  my  endeavour  to  describe  and  map 
oat  the  relations  of  the  various  beds  over  the  whole  area  from  the 
iDoath  of  the  Dee  to  the  mouth  of  the  Bibble,  and  to  show  that  they 
were  only  a  ^axt  of  an  extensive  series  of  beds  of  the  same  age 
extoiding  round  the  British  Isles  and  the  opposite  ooasts  of  France 
and  Belgium. 

Since  the  paper  was  written  I  have  had  many  opportunities  of 
cheeking  the  accuracy  of  the  work  and  of  testing  the  conclusions 

1  «  The  Geology  and  Phjsics  of  the  Post- Glacial  Period,  as  shown  in  the  Deposits 
and  Organic  Remains  in  Lancashire  and  Cheshire  *' :  Proc.  Liverpool  Geol.  Soc., 
Session  1871-72,  pp.  36-88,  illustrated  with  four  coloured  pUtes  of  maps  and 
sections.     See  also  Gbol.  Mao.,  Yol.  IX,  pp.  111-119. 

'  Since  writing  the  ahore  I  hare  found  an  earlier  mention  of  them  in  Dr.  Aikin's 
"  DMcription  of  the  Country  from  Thirty  to  Forty  Miles  round  Manchester/* 
puhlishea  in  1795.  In  deecrwing  Sephton  parish  he  says :  "  Along  the  sea-shore, 
and  near  ihe  Grange  land-mark,  are  the  stumps  of  several  larze  trees,  which,  by 
being  in  a  line  ana  at  equal  distances,  were  undoubtedly  planted :  whence  it  would 
seem  as  if  formerly  either  the  dimate  was  not  so  rough,  or  the  sea  did  not  advance 
so  far,  since  there  would  now  be  no  possibility  of  nusing  trees  in  the  same  situation. 
It  appears,  however,  as  if  the  sea  had  formerly  overrun  a  good  deal  of  this  country, 
from  the  strata  of  sea-slntch,  moes,  sand,  and  shells  found  in  various  parts ;  and 
the  sea  now  again  seems  retiring.** 
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arrived  at  Though  I  might  add  further  illustrations  and  facts  to 
those  already  given,  as  indeed  I  purpose  doing  in  this  paper,  there  is 
very  little  in  the  original  work  that  needs  oorrection  or  alteration. 

In  1897,  with  Professor  A.  Benard,  of  Ghent  University,  I  had  an 
opportunity  of  seeing  the  excavations  of  the  new  Bruges  Canal  near 
Heyst  in  Belgium,  whioh  resulted  in  my  reading  a  paper  before  the 
Geological  Society  of  London,  in  which  the  Microzoa,  especially  the 
Foraminifera  in  the  silty  beds  overlying  an  extensive  peat  bed,  are 
dealt  with  in  considerable  detail^ 

So  much  struck  was  I  with  the  similarity  of  these  Belgian  Post- 
Glacial  deposits  to  those  I  had  mapped  out  and  sectioned  in 
Lancashire  and  Cheshire,  that  for  microscopical  comparison  I  took 
the  first  opportunity  that  occurred  to  get  specimens  of  the  shelly 
blue  clays  underlying  the  Peat  •  and  -  Forest  Bed  in  Cheshire. 
Mr.  Joseph  Wright,  F.G.S.,  of  Belfast,  with  his  usual  kindness,  has 
examined  them  for  me,  and,  I  am  pleased  to  add,  extracted  a  most 
interesting  assemblage  of  Foraminifera  which  form  the  subject  of 
this  paper.  It  will  be  observed  that  the  Belgian  beds  referred  to 
occur  above  the  main  bed  of  peat,  whereas  those  in  Cheshire  and 
Lancashire  occur  below  the  superior  peat  bed.  The  synchronism  of 
the  beds  will  be  discussed  later  on. 

The  Superior  Peat-and-Forest  Bed  is  exposed  in  a  continuous 
section  along  the  shore  from  the  west  end  of  the  old  Wallasey 
Embankment  to  a  spot  between  Dove  Point  and  Hoylake.  Many 
stools  of  trees  rooted  in  the  clay  and  silt  below  are  still  to  be  seen, 
but  the  whole  bed  has  been  much  reduced  in  area  by  the  denudation 
of  the  sea  sinoe  my  survey  of  1871  was  made.  The  peat  has  also 
been  stripped  off,  so  that  where  formerly  it  was  several  feet  thick 
it  is  now  reduced  sometimes  to  one  foot  or  less.  Underlying  this 
Upper  or  Superior  Peat-and-Forest  Bed  is  a  blue  silty  clay,  which 
is  now  nowhere  exposed  for  a  greater  depth  than  from  two  to  three 
feet.  It  is  this  clay  which  I  have  classed  with  a  similar  bed  in 
Lancashire  under  the  name  of  the  Formby  and  Leasowe  Marine 
Beds,  and  from  which  the  specimens  yielding  Foraminifera  were 
taken.  At  places  there  are  still  some  exposures  of  a  second  bed  of 
peat  underlying  the  Formby  and  Leasowe  bed.  This  bed  is  known 
as  the  Lower  or  Inferior  Peat-and-Forest  Bed,  and  it  in  turn  rests 
upon  the  Boulder-clay  which  is  also  exposed  in  the  western  end 
of  the  series  of  beds  described.  I  may  add  that  this  series  is  the 
thinned-out  shore  margin  of  these  Post-Glaoial  deposits. 

Deseriptian  of  Spedmem, 

Specimen  No.  1  was  taken  about  a  quarter  of  a  mile  east  of  Dove 
Mark  from  the  blue  silt  lying  between  the  Superior  Peat-and-Forest 
Bed,  which  is  here  about  1  foot  thick,  and  the  Inferior  Bed,  here 
only  a  few  inches  thick.  The  blue  silt  (Formby  and  Leasowe 
Marine  Beds)  was  only  2  feet  thick,  and  contained  much  vegetable 
matter  in  the  shape  of  traversing  fibres.     Below  the  Inferior  Peat 

1  <*  Post- Glacial  Beds  exposed  in  the  Cattiiig  of  the  New  Bruges  Canal**: 
Q.J.G.S.,  vol.  liv  (1898),  pp.  576-581. 
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was  a  bed  of  bluish  day  about  7  inohes  thiok,  full  of  pebbles, 
many  of  which  were  glacially  facetted.  This  was  evidently  the 
redistributed  Boulder-day  derived  from  the  brown  Boulder-olay  on 
which  it  rested,  which  was  only  exposed  about  6  inches  in  depth. 

Spedmen  2  was  taken  from  this  brown  Boulder-clay,  but  it  was 
only  a  surface  specimen,  much  perforated  by  rootlet  tubes. 

It  will  be  seen  from  this  description  that  the  paucity  of  Fora- 
minifera  in  specimens  Nos.  1  and  2  is  not  surprising. 

Spedmens  Nos.  3  and  4  were  taken  from  the  blue  clay  (Formby 
and  Leasowe  Marine  Beds)  a  little  west  of  the  west  end  of  the  old 
Wallasey  Embankment,  at  a  depth  of  18  inches  below  the  Superior 
Peat  and  horizontally  about  20  feet  apart.  Here  were  found 
numerous  specimens  of  Scrohictdariapiperata,  vertical  as  in  life,  with 
both  valves  united  but  in  a  veiy  chalky  condition.  This  was  a  good 
representative  of  the  Scrobieularia  Clay  of  the  Formby  and  Leasowe 
Marine  Beds,  and  yielded  Foraminifera  in  profusion. 

No.  5  is  a  spedmen  of  brown  Boulder-clay  taken  between  Dove 
Point  and  Hoylake  at  a  greater  depth  than  specimen  No.  1 ;  the 
capping  of  redistributed  blue  clay  and  pebbles  and  Inferior  Peat 
and  Forest  Bed  was  more  developed,  and  good-sized  roots  traversed 
them«  striking  into  the  Boulder-clay  below.  This  was  an  outlier 
of  the  Inferior  Peat-and-Forest  Bed,  the  Superior  Peat  and  Formby 
and  Leasowe  Beds  appearing  on  a  higher  level  of  the  shore 
immediately  opposite  the  outlier.  Mr.  Wright's  report  shows  that 
notwithstanding  the  shallow  depth  at  which  the  specimen  of 
Boulder-day  was  taken  it  contained  eleven  species  of  Foraminifera. 
The  relations  between  these  Glacial  Foraminifera  and  the  Post-Qlacial 
forms  will  be  discussed  later  on. 

Beport  by  Mr.  Joseph  Wright,  F,G.S. 

No.  1,  from  between  upper  and  lower  peat  beds,  Leasowe  Shore. 
Weight  of  clay,  16*8  oz.  troy.  After  washing,  '8  oz.  fine ;  no  ooarse. 
Clay  Tery  fine  and  containing  a  large  quantity  of  vegetable  matter. 
Only  one  Foraminifer  was  obtained;  it  was  a  weak  specimen  of 
Troehammina  inflata. 

No.  2.  Brown  Boulder-clay,  under  lower  peat.  Weight  of  clay, 
184  oz.  troy.  After  washing,  2*8  oz.  fine  ;  '6  coarse.  Most  of  the 
stones  more  or  less  rounded,  one  of  them  showing  faint  striao.  Clay 
containing  a  large  quantity  of  vegetable  matter.  Foraminifera  very 
rare,  only  three  spedmens  of  Polystomella  striato-punctata, 

Na  3.  Blue  clay  with  Scrobieularia  in  situ.  Weight  of  day, 
17*8 oz.  troy.  After  washing,  *56  oz.  fine;  *01  coarse.  Fragments 
ef  shells  only.  Clay  containing  a  quantity  of  vegetable  matter. 
Foraminifera  most  abundant. 

FORAMINIFERA. 

*  MilioKna  aemmulum  (Lhm^).    One  specimen. 
Vomtupira  invohent,  Rss.     One  specimen. 

*  Troehammina  injlata  QionttLg.).    Very  common.     (PI.  Y,  Fig.  1.) 

*  Teztularia  globuUm,  Ehr.     Frequent.     (PL  V,  Fig.  2.) 
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*  Jttttknina  pupoides,  D'Orb.    Common.    (PI.  V,  Fig.  3.) 

.    n        marginata^  D'Orb.    Bar*.    (PI.  V,  Fig.  4.) 
„       fiutformU,  WilL    Froouent.    (PI.  V,  Fiff.  6J 

♦  „        eUgantisaima,  D*Orb.     Very  common.     (PL  V,  Fig.  6.) 

*  Bolivina punetata^  D'Orb.    Very  common.     (PI.  V|  F^.  lOT) 

•  „       i>/wafa,  D'Orb.    Very  common.     (PI.  T,  Fig.  7.) 
„        ImtgtUa  (WilL).    Very  rare. 

n        dif0rmi$  (Will.).    Rare. 
,,        dUatatUf  Kss.    Frequent. 

•  „        ob$oleta,'Eley.    Very  rare.    (PI.  V,  Fig.  80 

„  „     Yar.  »«T«<a,  Not.   Frequent.   (PL  V,  Fig.  9.)    This  form  diflfcTO 

from  B,  ohtokta  in  the  segments  bemg  more  obliquely  set,  and  in  the 
marginal  ends  projecting,  especially  in  the  later  segments ;  specimeiie 
Tory  small. 
Caisidtdma  crasaa,  D'Orb.    Very  common.     (Fl.  V,  Fig.  U.) 
Ltiffensfflobotail/Loiitag.),    Rare. 

„     ktvis  (Montag.).    Frequent.    (PI.  V,  Fig.  12.) 

„     0l<wata  (D'Orb.).    Frequent.    (PL  V,  Rg.  13.) 

„      Mleata  (W.  &  J.).    Very  rare.     (PL  V,  Rg.  14.) 

„      »«nw/nate.  Will.     Frequent. 

„      hexagona  (Will.).     Rare.     (PL  V,  Fig.  16.) 

,»     sqummosa  (Montag.^.    One  spedmen. 

,,      ^t^o^oJRss.).     Very  common. 

„      Uteida  (Will.).    One  specimen. 

„      Orbignyana  (Seg.).    Very  rare. 

„      marginata  (W.  &  B.).     Very  common.     (PL  V,  Fig.  17.) 
KodoMuia  eommunU^  D'Orb.     Rare,  fragments. 

„        PifTula,  D'Orb.     Rare,  fragments. 
Rhubdogonium  tricarinatum,  D'Orb.    Very  rare. 
Orittellaria  rotulaia  (Lamk.).     Rare. 

„         erepidula  (F.  &  M.).     One  specimen,     (PL  V,  Fig.  16.) 
Ji4^morphina  laetea  (W.  ft  J.).    Very  rare. 
Uvigerina  Canarimtia,  D'Orb.     Very  rare. 

„         angulota.  Will.     Very  common. 
Olobigtrina  bulloidst,  D'Orb.     Very  common.     (PL  V,  Fig.  18.) 

„         cretacM,  D'Orb.    Very  common.      (PL  V,  Fig.  19.) 
Orbulina  universal  D^  Orb.    Veiy  common. 
SpiriUma  vivipara^  Ehr.    Very  rare. 
Fmt$Uinm  o^rrugata,  WilL    Very  rare.     (PL  V,  Fig.  20. 
Ditoorbina  globularii  (D'Orb.).     Rare.     (PL  V,  Fig.  21.) 

„         rosacea  (D'Orb.).     Very  common. 

„  Wrightiiy  Brady.    Very  common. 

TrtmeaMina  Uhatula  (W.  &  J.).     Frequent. 
Fuhinulina,  sp.  near  P.  auricula  (F.  &  M.).     Rare. 
EoUUia  Bcccarii  (Linne).    Very  common.     (PL  V,  Fifi[.  22. 
Nomenina  depretntla  (W.  &  J.).    Most  abundant     (Fl.  V,  Fig.  23.) 

„         pauper ata,  B.  &  W.     Frequent. 

,,         turgida.  Will.  (?).     One  broken  specimen. 
*  Fifl^tmmeUm  HriiUo-punctata  (F.  &  M.).    Most  abundant.    (PL  V,  Fig.  24.) 
Ostracods  common. 

In  this  clay  medium-sized  speoimens  both  of  NotUonina  depre$$nla 
and  PoUfiiomeUa  striato-punetata  are  in  great  profusion  and  in  fine 
preaerration,  the  other  Foraminifera  being  for  the  greater  part  small 
or  very  small  in  size.  The  Arenaoea  are  represented  only  by 
Droehammina  infiata,  some  of  the  speoimens  being  large  in  size ;  and 
only  two  speoimens  of  the  Porcellanea  were  obtained,  viz.,  one  each 
of  MilioUna  semintdum  and  Comuspira  involvens. 

No.  4.  Blue  clay  with  Scrobicularia  in  sitH  taken  18  inches  below 
upper  peat     Weight  of  clay,  31-2  oz.  troy.      After  washing,  -Soz. 
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fine;   *008oz.  ooarse  fragments  of  shells  only.      Olay  ooatMnnig 
a  quantity  of  vegetable  matter.    Foraminifera  most  abundant 

FORAMINIFERA. 

*  MUwlin^  Meminulum  {lijoi^).    One  specimen. 
Efopkax  teorpiurui,  Monti.    One  small  snedmen. 
Baplophragmium  Canariente  (D*Orb.).    One  specimen. 
Troehammina  tquamata,  J.  &  P.    One  small -specimen. 

^  ,,  inflata  (llontag.).    Very  rare. 

*  Textularia  glohuloM^  £hr.     Common. ' 
OttudrfinaJiliformiSf  Berth.    One  specimen. 

*  Buliminapupoiih$fJ)*OTh.    Very  common. 

„        mmrginata,  D'Orb.    Frequent. 
M       fimformiSf  Will.    Common. 

*  »«        eUffontisHmaf  D'Orb.    Very  common. 
VxrguUna  Schreibersianaf  Cz.    Very  rare. 

*  BcUvina  ptmetataf  D*Orb.    Very  common. 

*  „      plieaia^  D'Orb.    Very  common. 
M       Aet^^tfto  (Will.).    Bare. 

„      <«j^of«M  JWilL).    Common.  * 

f9      dilatata,  Kss.    Frequent. 

*  „       obsoUtOf  var.  terrata,  Nov.    Frequent. 
Ctit9idul\na  lavigata,  D*Orb.    Rare. 

*  „         eraasa,  D'Orb.    Very  common. 
'*  Lagma  globota  (Montag.).    Common. 

*  „      /w«ite  (Will.).    Frequent 

^      ,»  hevit  (Montag.).    Common. ' 

^      „  clavata  (D'On)^*    Common. 

*  „  tuleata  (W.  &  J.).    Common. 

*  „  WiUiamtoni  (Alcock).    Very  rare. 
„  »/riflte  (D'Orb.).    Rare. 

„  $emutriata,  WilL     Rare. 

^      „  »quamo$a  (Montag.).     One  specimen. 

*  „  hexagona  (Will.).    Frequent* 

*  ,,  lavigata  (Rss.).    Very  common. 
„  lueida  (Will.).     Freouent. 

„  guadrata  (Will.).     Very  rare. 

*  „  marginata  (W.  &  B.).    Very  common. 
^      ,f  hicarinaia  (Terq.).    One  specimen. 

*  „  OrbignganaJSeg,),    Rare. 

„  Uigmoidei  (Will.).    Very  rare. 

r,  eifUhruta,  Br.    Elongate  pynform  variety.    One  small  specimen. 
lfcdo9«tr%a  radieula  ijAsml^.    Very  rare. 

„  cahm&rpha,  Rss.    Very  rare. 

„  pyrula,  D'Orb.    Very  rare. 

*  „  community  D'Orb.     Very  rare. 
,,  obliqua  (Linn^).    Very  rare. 

ShMogonium  triearinatumf  D'Orb.    Rare. 
Oristsllaria  rotulata  (Lamk.).    Very  common. 

,,  erepidula(F,&U.).  Rare. 
FolffMorphina  laetea  (W.  &  J.).  Rare. 
Uvigerina  CanariMsit,  D'Orb.    Very  rare,  specimens  broken. 

„        angutoM,  Will.    Very  common. 
QloHgerina  bulloUUs,  D'Orb.     Very  common. 

„        eretaeea,  D'Orb.     Very  common. 
OrbuHfM  univena,  D'Orb.    Very  common. 
^riOm^  npipara,  £br.    One  small  specimen. 
PttielUna  eorrugafa,  Will.  *  Rare. 
Dmorbiiuighiukiris  JP^Oth.),    R^re. . 

„       rofoMff,  D'Cnrb.    Very  common. 

,•       Wrightiu  Bndj.    Very  common. 
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D%$eofhina  tuherctiJata,  B.  &  "W.    Very  rare. 

*  TnmeatuHna  hbatula  (W.  &  J.).    Very  common. 
FuhumUna  Kartteni  (Rss.).    Kare. 

*  „  Bp.  near  auricula  (F.  &  M.).    Bare. 

*  Itotdlia  Beccarii  (Linnd).    Very  common. 

*  NonumifM  deprettula  (W.  &  J.).    Most  abundant. 

„        pauperata,  B.  &  W.    Common. 
„        turgida,  Will.    Very  rare. 
„        ttettigera^  D'Orb.    Rare. 

*  FolyttomtUa  ttriato^punetata  (F.  k  M.}.    Most  abundant. 

Ostracods  very  common. 

The  Foraminifera  in  this  gathering  are  Teiy  similar  to  those 
obtained  from  the  previoas  sample  (No.  3).  Medium-sized  specimens 
of  Boialia  Beccarii,  Nonionina  depresstda,  and  PolystomeUa  striato- 
punctata  oocur  in  great  profusion,  the  oUier  species  being  for  the 
greater  part  small  or  very  small  in  size. 

No.  5.  Boulder-day.  Weight  of  clay,  28  oz.  troy.  After  washing, 
2*6  oz.  fine ;  *65  oz.  coarse.  The  greater  portion  of  the  stones  more 
or  less  rounded.    Foraminifera  frequent. 

FORAMINIFERA. 

Miliolina  teminulum  (Linn6).    One  specimen. 
BolivifM  plicat a fB'Orh,    Very  rare. 
Oauidulina  erassa,  D*Orb.    Very  rare. 
Lagena  sulcata  (W.  &  J.).     One  specimen. 

„     Utvigata  (Rss.).    Very  rare. 
Cfristellaria  rotulata  (Lamk.).     One  specimen. 
Olohigerina  buUoidet,  D'Orb.    One  specimen. 
JHaeorbina  rosacea  (D*Orb.).     One  specimen. 
Boialia  Beccarii  (Linn6).     One  specimen. 
Nonionina  depressula  (W.  &  J.).    Common. 
Folystomella  striatc-ptmctata  (F.  &  M.).    Frequent. 

The  species  marked  with  an  asterisk  occur  in  one  or  other  of 
the  Heyst  deposits  of  the  new  Bruges  Canal,  viz.  the  "Argile 
des  polders  superieure,"  the  "  Cardium  Sand,"  or  the  "  Scrohicularia 
plana  (piperata)  Clay."  Some  of  the  Boulder-clay  forms  also  occur 
in  the  Heyst  deposits,  but  these  are  not  marked,  as  it  is  wished  to 
confine  the  comparison  to  beds  of  the  same  age. 

A  comparison  of  this  list  of  Foraminifera,  consisting  of  68  species 
in  all,  with  that  of  the  Bruges  beds  already  referred  to,  shows  that 
there  are  34  or  half  of  the  species  in  common.  Olohigerina  cretacea, 
a  notable  form  which  is  common  to  both,  does  not  occur  as  a  recent 
species  in  the  British  Isles,  and  in  consequence  Mr.  Wright  thought 
that  those  in  the  Bruges  silts  were  not  native  to  the  deposits,  but 
derived  ftx)m  Cretaceous  beds  in  the  neighbourhood.  The  discovery 
of  Olohigerina  cretaeea  in  abundance  in  the  Leasowe  under-clay 
shows  that  the  species  are  here  indigenous,  as  there  are  no  Cretaceous 
beds  in  Cheshire  or  adjoining  counties  from  which  they  could  b& 
derived. 

Mr.  Wright  also  observes  that  the  interiors  of  Foraminifera  from 
onr  Chalk  are  filled  with  silica,  so  that  when  placed  in  muriatic  acid 
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the  tests  of  the  shells  only  are  affeoted  by  it»  the  oasts  being 
unaltered.  On  plaoing  some  of  the  Leasowe  speoimens  in  the  acid 
they  all  efferresoed  away,  showing  that  they  oould  not  have  been 
derivative  from  the  Ohalk,  and  must  have  lived  where  now  found. 
On  testing  the  Bruges  speoimens  with  aoid  the  same  thing 
happened  with  no  silioeous  remainder,  so  that  I  think  Mr.  Wright 
is  justified  in  now  thinking  that  this  speoies  was  living  where  found 
in  the  Bruges  sand  and  silt. 

Textularia  glohtdosa  is  a  form  very  rare  in  British  waters,  but 
oommon  in  the  Chalk,  occurs  in  abundance  in  the  Leasowe  Beds,  and 
also  in  the  Bruges  silt  Olobigerina  eretaeea  was  found  rare  in 
the  Boulder-clay  at  Riverside,  Seacombe,  Cheshire,  and  Textularia 
ghbulosa  very  rare  in  the  Crosby  Boulder-day.  (See  Proa  Liver- 
pool Qeol.  Soo.,  ToL  viii,  session  1898-99,  p.  361,  and  ibid.,  vol.  vii, 
session  1895-96,  p.  389.) 

The  Posi'Olacial  DepoeiU  represent  a  weU-marked  Oeologtcal 

Episode, 

As  I  have. proved  in  many  previous  papers,^  these  marginal  beds 
around  our  Island  contain  records  of  several  oscillations  of  the  level 
of  the  land,  cumulatively  giving  evidence  of  a  well-marked  period  of 
time  between  the  dying  out  of  the  Glacial  epoch  and  the  incoming  of 
historic  time. 

It  is  well  worthy  of  note  that  the  deposits  bear  a  characteristic 
physical  resemblance  to  each  other,  whether  found  in  England, 
Scotland,  Ireland,  or  Belgium,  being  evidence  of  the  widespread 
and  persistent  nature  of  the  conditions  under  which  they  were  laid 
down.  The  fauna  and  flora  are  analogous,  and  we  further  find  the 
nits  associated  with  Scrobictdaria  piperata  are  distinguished  by  the 
presence  of  Globigerina  eretaeea,  a  species  of  Foraminifera  not  now 
found  living  in  the  British  Isles.  The  peat-and-forest  beds  show 
that  our  Island  was  covered  with  forest  trees,  of  which  this  marginal 
band  has  been  preserved  by  being  covered  up  with  a  growth  of  peat 
and  deposits  of  silt,  sand,  and  blown  sand.  There  is  good  evidence 
that  the  climate  of  this  period  was  milder  and  more  continental  than 
the  present  one. 

It  may  be  noted  as  interesting  that  the  royal  fern,  Osmunda 
regalis,^  is  found  in  the  superior  peat  at  the  Alt  mouth,  and 
also    what    is    not    uncommon    in    peat    beds,    viz.    the    wing 

>  See  pa^en  previously  referred  to ;  also  many  minor  papers  in  the  Proceedings  of 
the  Oeolo^cal  Society  of  liverpool,  and  the  following:  '*A  Problem  for  Irish 
Geologists  in  Post-Glaoial  Geology,"  Joom.  Roy.  Geol.  Soc.  Ireland,  N.8.,  toI.  ii, 
pt  4,  pp.  255-^58 ;  "  Oscillations  in  the  LoTel  of  the  Land  as  shown  by  the 
Buried  Kiver- Valleys  and  Later  Deposits  in  the  Neiffhbonrhood  of  liyerpool/' 
GiOL.  3iAO.,  1896,  pp.  488-492.  As  bearing  upon  ttie  same  subject,  see  also 
an  excellent  paper  by  Mr.  A.  Strahan,  *<  On  Submerged  Land  Surfaces  at  Barry, 
Glamorganshire,"  with  notes  on  the  Fauna  and  Flora  by  Mr.  Clement  Eeid: 
OJ.G.S.,  vol.  lii  (1896),  pp.  474-496. 

'  I  showed  this  fern  embedded  in  the  peat  to  the  members  of  an  excursion 
party  of  Secticni  C  at  the  twenty-fourth  meeting  of  the  British  Association  at 
Lmrpool,  1896. 
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oases  of  beetles.  When  the  Pest-GUaeisl  deposHs  rest  on  Boidder- 
day,  as  is  oommonly  the  case,  and  a  section  displays  both,  the 
differenoe  of  the  deposits  are  so  striking  that  a  norioe  may  at  oasB 
prononnoe  npon  them.  It  is  notioeabb  that  the  sar&oe  of  tbe 
boalder-olay  under  the  Poet-Qlaoial  deposits  is  deeply  eroded  by 
sabaerial  action,  indioatbg  that  the  land  was  at  that  time  at  a  higher 
le^el  than  now  with  respect  to  the  sea.  The  silt  and  Bcrcbicidainm 
clays  containing  the  profusion  of  Foraminifera  detailed  in  the  pre- 
ceding lists  are  equally  a  sign  of  the  subsequent  submergence  of  this 
Boulder-clay  surface  to  a  depth  marked  generally  by  the  25  feet 
contour-lineb  The  Superior  Peat-and-Forest  Bed  is  agaiu  a  sign  of 
following  subaerial  conditions  succeeded  by  a  depression,  for  much  of 
it  is  now  washed  over  by  the  tides. 

The  last  movement  of  the  land  was  downwards  at  Formby  and 
Leasowe,  and  it  appears  to  me  to  have  been  the  same  in  Belgium. 
As  I  have  before  observed,  the  Bruges  Canal  or  Heyst  silts  lie  above 
the  peat,  whereas  the  Leasowe  silts  lie  below.  K  the  Heyst  peat  is 
of  the  same  age — and  it  is  certainly  not  older  than  the  Superior  Peat- 
and-Forest  Bed  at  Leasowe — the  Belgian  silts  I  have  described  are 
not  so  old  as  those  at  Leasowe,  but  they  nevertheless  belong  to  die 
same  series  of  beds.^  This  group  of  beds  is  a  geological  object- 
lesson  of  a  comparatively  recent  date,  showing  that  geological  periods 
are  records  of  a  similar  kind,  but  on  a  laiger  scale  of  widely  pre- 
vailing physical  conditions. 

Belative  to  these  conditions  it  is  interesting  to  find  that  the 
Boulder-clay  on  which  the  group  rests,  though  so  markedly  different 
in  physical  constitution,  possesses  a  foraminiferal  fauna  of  mnoh  the 
same  character,  though  of  a  more  stunted  growth.  Even  in  this  little 
surface  exposure  one  of  the  specimens  of  Boulder-clay  yielded  eleven 
species  of  Foraminifera,  and  if  it  were  possible  to  get  specimens  from 
a  depth  of  10  or  20  feet  it  would  no  doubt  yield  them  in  the  same 
profusion  as  the  Boulder-clay  at  Oreat  Crosby,  Lancashire,  or  River- 
side, Seaoombe,  Cheshire.'  The  species  found  in  the  Leasowe  Beds 
have  doubtless  lived  through  the  Olacial  seas,  nevertheless  the  two 
periods  or  episodes  are  so  physically  different  tiiat  no  geologist  could 
mistake  one  for  the  other. 

The  artistic  figures  given  in  the  Plate  accompanying  this  paper 
are  by  Mr.  Robert  Welsh,  of  Belfast,  and  I  am  greatly  indebted  to 
him  and  Mr.  Wright  for  enabling  me  to  illustrate  the  leading  species 
in  such  a  satisfactory  manner.  Being  photographs  of  the  actual 
specimens  obtained  from  the  Leasowe  deposit,  they  are  instructive  as 
showing  the  relative  sizes  of  the  different  specieB  as  they  occur  in 
the  deposfV 

>  There  is  a  Tery  good  engineering  description  of  the  works  of  the  new  Bruges 
Ship  Canal  by  Mr.  Vernon  Harconrt  in  the  Minutes  of  Proceedings  of  the  Instttnte 
of  Civil  En^neers,  vof.  cxxxvi  (1899),  pp.  283-295,  with  plims  and  sections. 

»  **  The  Gypsum  Boulder,  Great  Crosby  "  :  Proc.  liyerpool  Qeol.  Soc.,  1898-99, 

g\,     847—356.        **  FAra mini f Anal     TtnnMor.nlaT'      PitratvtilA      Softnnni>M.    nhAshirs  *' r 
id.,  pp.  357-864. 


pp.   347-356.     ** Foraminiferal  Boulder-day,  Biyerside,  Seacombe,  Cheshire* 
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EXPLANATION  OF  PLATE  V. 

Pxo.    1.  Troehommimmffata  (Montag.).      Fio.  13.  Lagma  elopota  (D*Orb.). 
2.  Textuiaria  ghhuUmi,  Ehr.  «,   14.      ,,      mtUaU  (W.  &  J.}. 

8.  Bulimina pupoiduy  B*Orb.  „   15.      „      Kexagona  (Will.). 

4.  „        ma>ytfitf<«,  D'Orb.  „   \^  OritUllaina  erepidulajl^,kllL,). 

5.  ,,       fvmfwwM^  WilL  ,,   17.  LagmM  mcrgituda  (W.  ft  B.). 

6.  „        f/^an/MfMwi^D'Qrb.         »  18.  (?^mfta  M^mte,  D'Orb. 

7.  Bolivina  plieata,  D'Orb.  „  19.  „  crHaceOy  D'Orb. 
8»        „        obtoUta,  Eley.  „  20.  PaUllina  eorrugata,  AViIl. 

9.  „             „       Tar.  terrata,  „  21.  IHseorhina  globularU  (D'Orb.). 
Not.  „  22.  JSoto/ta  Beeearii  (liimf). 

10.        „        pwwfo^  D*Orb.  „   28.  AbfiioiMfuiiCt9»vMM/a(W.ftJ.). 

\\,  Ca9iidulinacra»9a^W0ih,  „  2^,  FolyttotmeUa    itritUo  " puH$tata 

12.  Zagnta  Imvii  (Montag.).  (F.  &  M.). 

The  figares  are  magnified  40  diameters. 

IL — WOODWARDIAN   MuSBUM  NoTKS  *.    A   NEW  OABBORirSROUS 

CSPHALOPOD,    PlBURONAUTILUS'^  SCAKLSTTBNSIS,   BP.  HOV. 

By  F.  E.  CowPBR  Ebto,  M.A.,  F.O.S. 

(PLATE  VI.) 

FUB  fragments  of  a  large  oepbalopod  (from  the  GarboniferonB 
Limestone)  were  collected  by  Professor  Hugbes'  party  in  1892 
^  Scarlett  Quarry,  Isle  of  Man.  On  fitting  three  of  these  together 
thej  were  found  to  compose  nearly  the  complete  shell,  and  in 
«  sufficiently  good  state  of  preservation  to  warrant  description. 
The  fourth  fragment  is  a  cast  of  a  portion  of  the  external  surface. 
Mr.  G.  0.  Crick  has  expressed  his  opinion  that  they  represent  a  new 
species  and  probably  a  new  subgenus  or  genus. 

Diagnosis.— Shell  discoidal,  compress^ ;  whorls  in  contact,  but 
not  overlapping ;  umbilicus  wide,  shallow,  exposing  all  the  whorls  ; 
no  central  vaouity ;  volutions  rapidly  increasing  in  width.  Whoris 
^ight  in  number,  laterally  compressed  and  flattened,  twice  as  high  as 
broad.  The  two  outer  whorls  form  neatly  four-fifths  the  diameter  of 
the  shell,  and  have  steeply  sloping  walls  to  the  umbilicus.  The 
outer  whorl  has  its  sides  weakly  convex  for  the  inner  two-thirds  of 
its  width  and  crossed  by  about  thirty  transverse  rounded  plications, 
which  are  strongest  about  the  middle  portion  of  the  whorl,  but 
become  gradually  weaker  towards  the  beginning  of  the  seco;id 
whorl,  and  also  towards  the  aperture,  dying  out  completely  a  sliort 
distance  from  it  llie  outer  fourth  of  this  whorl  is  not  crossed 
by  these  plications,  but  is  deeply  excavated  into  a  broad  marginal 
groove  bordered  by  the  sharp  edge  of  the  ventral  side.  Ventral 
(poripberal)  side  rather  less  in  width  than  diameter  of  whorl, 
flattened  or  slightly  concave  with  projecting  edges  overhanging 
the  marginal  groove  on  the  sides.  Dorsal  side  narrow,  about  one- 
fourth  the  wi^  of  ventral  side,  marked  by  shallow  groove  where 
in  contact  with  next  whorl.  Second  whorl  with  very  weak  or 
obsolete  transverse  plications,  and  the  marginal  groove  very 
shallow  and  gradually  dying  out  Inner  whorls  poorly  preserved, 
bat  with  nearly  flat  sides,  devoid  of  transverse  plications  and 
maiginal  groove.  Aperture  vertical,  narrow,  lanceolate,  with  sides 
produced  obliquely  forwards  to  ventral  rostrum.     The  sides  of 
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the  outer  whorl  near  the  aperture  beoome  slightly  swollen,  and 
then  are  suddenly  depressed  to  the  level  of  the  marginal  groove, 
the  ventral  side  at  the  same  time  considerably  narrowing  and 
losing  its  overhanging  edges  and  being  produced  apparently  into 
a  pointed  rostrum.     Septa,  sutures,  and  siphuncle  not  preserved. 

Mbasubkmbnts. — ^Diameter  of  shell,  13"-16";  height  of  mouth, 
^'';  width  of  ditto,  1  J". 

Ekmabes. — The  only  speoies  which  has  a  general  resemblance 
in  possessing  transverse  plications  and  an  overhanging  concave 
ventral  side  is  Oyroeeras  {Trigonoceras)  aigoceras  (Miinster),^  but 
as  it  consists  of  only  two  whorls,  which  are  not  in  contact,  are 
of  much  greater  breadth,  and  have  a  sharp  keel-like  dorsal  side, 
the  resemblance  is  not  very  close.  Moreover,  so  far  as  we  know, 
the  mouth  did  not  possess  the  important  features  which  we  £nd  in 
the  Manx  form.  There  is  no  species  of  Oyroeeras  with  which  1  am 
acquainted  exhibiting  these  characteristics,  and  it  seems  impossible 
to  attribute  our  new  form  to  this  genus  or  to  Discites.  PleurO' 
nautilus  has  a  closely  coiled  shell  with  transverse  ribs;  but,  on 
the  other  hand,  a  rather  large  central  perforation  is  present. 
Mojsisovics'  has  remarked  on  the  relations  between  0,  aigoceras  and 
Pleuronautilus,  and  it  seems  advisable  for  the  present  to  place 
our  new  form  in  the  latter  genus,  though  probably  a  subgenus  or 
genus  will  have  to  be  made  to  contain  it  (which  might  appropriately 
receive  the  name  of  Euhonioceras  from  the  ancient  name  of  the  Isle 
of  Man).  Until  we  know  the  suture-lines,  septa,  and  siphuncle  it 
will,  however,  be  wiser  to  associate  it  with  Plewronauiilus. 

EXPLANATION    OF    PLATE    YI. 

FUuronautilus  ?  seorlettensis,  sp.  noT.    Carboniferous  Limestone  :  Scarlett  Qoarry, 
Isle  of  Man.     One-third  nat.  size. 

1.  Body-chamber  of  shell. 

2.  Part  of  outer  whorl. 

3.  Inner  whorls  of  shell. 

4.  Cast  of  surface. 

6.  Transverse  section  of  Fig.  1  near  the  mouth  at  a. 
6.  Transverse  section  of  Fig.  1  at  *. 


in.— On    some    Minor    British    Earthquakes    of    the   Yeabs 

1893-1899. 
Bj  Charles  Davison,  Sc.D.,  F.G.S. 

DURING  the  seven  years  1893-1899,  42  earthquakes  have  been  felt 
in  Great  Britain— 28  in  England  and  Wales  and  14  in  Scotland.' 
All  of  the  latter  number  visited  areas  which  are  thinly  populated, 
and  it  has  therefore  been  impossible  to  draw  the  boundaries  with  the 
aocuracy  that  is  to  be  desired.     In  the  English  earthquakes  this 

*  Miinster,  "  Cyrtoeera  aigoherot  (1838)  '* :  Beitr.  r.  Petrefact.,  2nd  ed.,  Heft  I 
(1843),  p.  66,  t  i,  figs.  7a,  lb ;  t.  ii,  fig.  1.  Foord :  Cat.  Fosi.  Ceph.  Brit.  Mus., 
pt.  ii  (1891),  p.  72,  and  references. 

'  "Die  Ceph.  d.  Medit.  TriasproT." :  Abhandl.  d.  k.  k.  ged.  Beichs.,  Bd.  x 
(1882),  p.  73. 

*  The  cost  of  investigating  all  these  earthquakes  was  defrayed  from  grants  which 
I  had  the  honour  to  receive  nom  the  Government  Besearch  Fond. 
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difSonlty  is  seldom  enoountered,  and  the  failures  are  generally  due 
to  the  oonfusion  caused  by  the  rather  rapid  suooession  of  the  shocks. 

The  number  of  earthquakes  more  or  less  briefly  described  in  this 
paper  is  19,  and,  with  few  exceptions,  I  have  not  been  able  to 
correlate  them  with  known  faults.  It  should  not  be  inferred  from 
this  that  the  shocks  owe  their  origin  to  some  other  cause  than  fault- 
slipping  ;  for,  in  nearly  every  case,  the  epicentral  region  is  one  in 
which  it  is  difficult  to  detect  faults.  It  is  possible,  indeed,  that  the 
careful  study  of  an  earthquake  may  form  a  useful  supplement  to 
the  methods  which  are  at  the  disposal  of  the  field-geologist 

Explanation  of  Map-Symbols. — In  a  weak  earthquake,  every  place 
of  observation  can  generally  be  marked  on  the  map ;  and,  without 
making  use  of  a  wide  range  of  symbols,  it  is  convenient  to  employ 
signs  to  represent  the  perception  of  the  shock  and  sound.  In  all  but 
one  of  the  following  maps,  a  square  indicates  that  the  shock  waa 
felt,  a  triangle  that  no  mention  is  made  of  the  shock  or  that  its 
peroeption  was  doubtful,  and  a  circle  that  no  shock  was  felt  A 
figure  entirely  filled  in  denotes  that  the  sound  was  heard,  one  half- 
filled  in  that  no  mention  is  made  of  the  sound  or  that  its  peroeption 
was  doubtful,  and  one  not  filled  in  at  all  that  no  sound  was  heard. 

List  of  Earthquakes,  1893-1899. 

1893,  Jan.  2,  7.20  p.m.    Glen  Garry. 
Aug.  3,  6.41  p.m.    Leicester. 

Nov.  2,  6.45  p.m.     Pembroke  (principal 

earthquake). 

„       6.1  p.m.    Pembroke. 

„       about  6.16  or  6.20  p.m.    Pembroke. 
Nov.  3,  about  1  a.m.    Pembroke. 
Dec.  11,  about  8  p.m.    Glen  Garry. 
Dea  30, 11.20  p.m.    Somerset 
Deo.  31, 12.28  a.m.    Somerset 

„       about  4  a.m.    Somerset. 

1894,  Jan.  12,  about  11.66  p.m.    Fort  William. 
Jan.  23,  about  9  a.m.    Ezmoor. 

Jan.  26,  1.7  p.m.    Glen  Garry. 
.  March  8,  about  midday.    Annandale. 

May  14,  in  the  afternoon.    Anncmdale. 

July  12,  about  11  p.m.     Comrie. 

Sept  18, 10.10  a.m.    Glen  Garry. 
1896,  Jan.  9,  about  6.46  a.m.    Fort  William. 

July  12,  about  7.40  a.m.    Comrie. 

Aug.  27,  about  12.30  p.m.    Cornwall. 
1896,  Jan.  26,  6.60  a.m.    ComwalL 

May  29,  4.47  a.m.    Annandale. 

June  6,  early  in  the  morning.    Glen  Nevis. 

Dea  16,  about  11.0  or  11.30  p.m.    Hereford. 

Deo.  17y     y,      1  a.m.    Hereford. 

„  „      1.30  or  1.46  a.m.    Hereford. 
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1896,  Dea  17,  about  2  a.m.    Heiefbrd. 

,,  9»      3  ^DL     Hereford* 

n  tf      8.30  a.m.    Hereford. 

„  „      4  a.in.    Hereford. 

y,  ,f      B  a.tn.     Hereford. 

y,  ,,      5.20  a.m.    Hereford. 

,,      5.32  a.m.    Hereford  (principal  earthquake). 

,,      aboat  5.40  or  5.45  a.m.    Hereford. 

,,  „      6.15  a.m.    Hereford. 

1897,  July  19,  3.49  a.m.    Hereford. 

1898,  Jan.  28,  about  10.5  p.m.    Rutland. 
Mar.  29,  about  10.25  p.m.    CornwalL 
Apr.  1,  9.55  p.m.    OomwalL 

Apr.  2,  about  3  p.m.    Cornwall. 
Aug.  22,  about  7.15  a.m.    Comrie. 

1899,  Dea  18,  about  6.50  a.m.    Glen  Garry. 

The  more  important  of  these  earthquakea  haTO  been  deeoribed  in 
the  following  papers,  etc. : — 

<'0n  the  Leicester  Earthquake  of  August  4,  1893":  Boy.  See. 
Proa.  vol.  Ivii,  1896,  pp.  87-95. 

''  On  the  Pembroke  Earthquakes  of  August,  1892,  and  November, 
1898  " :  Quart  Joum.  Geol.  Soa,  vol.  liii,  1897,  pp.  157-175. 

"On  the  Ezmoor  Earthquake  of  January  28,  1894,  and  on  its 
delation  to  the  Northern  Boundary  Fault  of  the  Morte  Slates": 
Obol.  Mao.,  Vol.  Ill,  1896,  pp.  653-556. 

"  On  the  Comrie  Earthquake  of  July  12,  1895,  and  on  the  Hade 
of  the  Southern  Boundary  Fault  of  the  Highlands  " :  Geol.  Mag., 
Vol.  Ill,  1896,  pp.  76-79. 

"The  Hereford  Earthquake  of  December  17,  1896.'*  (Cornish 
Brothers,  Birmingham,  1899.)* 

"  On  the  Cornish  Earthquakes  of  March  29th  to  April  2nd,  1898  " : 
•Quart.  Joum.  Geol.  Soa,  toI.  Ivi,  1900,  pp.  1-7. 

1  Since  this  report  was  written,  sereral  papers  have  been  pablished  on  the  Hereford 
earthquake.  The  following  is  a  complete  list  of  those  which  I  have  seen  :^ 

W.  Cole.  **  The  English  Earthquake  of  December  17th,  1896  " :  Essex  Nat., 
Tol.  ix,  1896,  pp.  268-269.     (Records  from  Essex.) 

H.  G.  Fordham,  **The  Earthquake  of  the  17th  December,  1896,  aa  it  afEeoted 
the  County  of  Hertford":  Herts.  Nat.  Hist.  Soc.  Trans.,  toL  ix,  1897, 
pp.  183-208.     (Records  from  Hertfordshire  and  adjoining  counties.) 

£.  Greenly,  *<The  Hereford  Earthquake  of  December  17,  1896,  considered  in 
relation  to  Geological  Structure  in  the  Bangor- Anglesey  Rc^on "  :  Bdin.  Geol. 
Soc.  Trans.,  vol.  vii,  1898,  pp.  469-476. 

J.  Lomas,  **The  Earthquake  of  December  17th,  1896" :  lirerpool  Geol.  Boo. 
Proc,   1896-1897,  pp.  91-98.      (Records  from  the  neighbourhood  of  Lirerpool 

H.  C.  Moore,  R.  Clarke,  &  A.  Watkins,  **  The  Earthquake  of  December  17th, 
1896'*:  Woolhope  Field  Club  Trans,  1898(P),pp.  1-8.  (A  detailed  acoount  of 
the  damage  to  buildings  in  Herefordshire.) 

G.  J.  Symons,  "The  Earthquake  of  December  17th,  1896":  Meteor.  Mag., 
Tol.  xxxi,  1896^p.  177-186.    (An  analysis  chiefly  of  newspaper  rerorta.) 

Rev.  H.  H.  Winwood,  *'  Noties  and  Oosenrations  on  the  Earaiouake  of  December 
the  17th,  1896,"  contributed  by  memben  of  the  Cotswold  Glub:  Cotswold  Nat. 
Field  Club  Proc.,  toI.  xii,  1896-1897,  pp.  187-196.   (Records  from  GloQceaterBhire.) 
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6lm  Garry  Barlhqmahe:  Jmu  2, 1893. 

A  digtit  shook,  aooompanied  by  a  noise  as  of  a  carriage  passing^ 
▼ery  rapidly,  was  felt  by  Mr.  DtiDcan  Qrant  at  Glenquoich  at 
7.20  p.m.  'Hie  noise  was  also  heard  by  another  observer  aboat 
three  miles  higher  np  the  Glen. 

Glm  Garry  miHh'Sonnd:  Dee.  11,  1898. 

A  low  rambling  sound,  resembling  that  which  accompanies  an 
earthquake,  was  heard  at  about  3  p.m.  at  Glenkingie,  Glenquoich, 
and  Lochournhead.  I^ere  was  no  perceptible  movement  of  th& 
ground. 

This  note  is  founded  on  a  paragraph  in  the  Oban  Times  for 
Dec.  15  (?). 

Somerset  Earthquakes :  Dec.  30-31,  1893. 

The  number  of  earthquakes  that  should  be  included  in  this  series 
is  somewhat  uncertain.  The  most  important  are  those  which 
ootarred  on  Dec.  30  at  11.20  p.m.  and  on  Dea  31  at  12.28  a.m., 
and  these  were  followed  at  about  4  a.m.  by  a  third  but  much  weaker 
shock.  There  may  abo  have  been  four  others  in  the  early  morning 
of  Dea  31,  but  the  times  are  only  roughly  recorded,  and  they  ought, 
I  think,  to  be  regarded  as  doubtful  earthquakes.  They  are  as- 
follows : — 

o.  Shepton  Mallet,  shortly  after  the  shock  at  12.28 ;  and  Draycot, 
12.45  or  12.50  a.m. 

h.  Shepton  Mallet,  between  1  and*  2  a.m. ;  and  Wedmore,  about 
1.S0  a.m. 

e.  Crosoombe,  about  2.30  a.m. ;  and  Wookey,  about  2.15  a.m. 

d.  Street,  2  or  3  minutes  after  the  shock  at  about  4  a.m. 

The  times  of  the  two  principal  shocks  were  determined  by 
a  signalman  at  Masbury  station,  and,  as  they  agree  with  those 
giTon  by  several  other  witnesses,  they  are  no  doubt  correct  to  the 
nearest  minute. 

For  convenience,  the  isoseismal  lines  of  both  earthquakes  are 
shown  upon  one  map  (Fig.  1),  and  the  symbols  referred  to  above  are 
therefore  not  employed.  Also,  as  it  would  be  difficult  to  represent 
all  the  places  of  observation  on  so  small  a  figure,  I  have  only 
marked  those  which  are  of  importance  or  which  are  mentioned  in 
the  following  pages.  Tlie  broken  lines  refer  to  the  first  earthquake, 
the  continuous  lines  to  the  second. 

Fhret  Earthquake  :  Dec.  30,  11.20  p.m. — ^The  number  of  records  is 
45,  ooming  from  27  places.  There  are  also  negative  records  from  20- 
plaoes ;  and,  in  addition,  two  observations  from  Frome  and  Whatley, 
the  connection  of  which  with  the  present  shock  is  doubtful. 

The  intensity  of  the  shock  was  certainly  not  less  than  4,  and  at 
Wells  maj  have  been  as  high  as  5.  The  disturbed  area  is  15^  miles 
long,  13|  miles  broad,  and  contains  159  square  miles.  Owing  to  the 
absence  of  negative  records  towards  the  north-west,  it  is  uncertain 
whether  the  l^undary  should  not  extend  a  little  further  outwards 
on  this  side.  The  direction  of  its  longer  axis  is  W.  30°  N.  and 
E.  30°  8.    Its  centre  lies  ^  mile  S.  37°  W.  of  Wells. 
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The  isoseismal  4  ia  an  elongated  oval,  9^  miles  long,  5  mUes 
broad,  and  38  square  miles  in  area.  The  direction  of  its  longer 
axis  is  W.  30^  N.  and  E.  30°  S. ;  and  ite  centre  is  one  mile  N.  36° 
W.  of  Wells,  The  distance  between  the  two  isoseismals  is  3  miles 
on  the  north-east  side  and  5  miles  on  the  soath«west  side. 
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Fio.  1.— Somerset  Earthquakes:  Dec.  30-31,  1893. 

So  far  as  1  can  learn,  the  shock  was  in  all  parts  a  oontinaoos 
series  of  vibrations,  like  that  felt  in  an  upper  room  when  a  heavy 
waggon  or  train  passes.     Its  mecui  duration  was  4  seconds. 

The  sound  W6W  compared  by  different  observers  to  that  of 
a  waggon  passing  over  loose  stones,  the  dragging  of  a  heavy  weight 
or  a  heavy  piece  of  furniture  along  the  floor,  a  rolling  peal  of 
thunder,  a  stack  of  wood  or  coal  tumbling  down,  the  Ml  of  an 
avalanche  of  snow,  a  terrific  explosion,  etc.  As  a  rule,  the  beginning 
of  the  sound  either  preceded  or  coincided  with  that  of  the  shock, 
while  the  end  of  the  sound  either  coincided  with  or  followed  that  of 
the  shock. 

Second  Earthquake :  Dec.  81,  12.28  a.m. — Of  this  earthquake, 
there  are  41  records  from  25  places,  and  negative  records  from  20 
places,  the  latter  being  the  same  as  for  the  first  earthquake. 

The  intensity  of  the  shock  at  Wells  and  one  or  two  other  places 
was  about  5.  The  disturbed  area  is  more  elongated  than  the  former. 
It  is  19|  miles  long,  12^  miles  broad,  and  contains  180  square  miles. 
Its  longer  axis  runs  from  W.  27°  N.  to  E.  27°  S. ;  and  its  centre  is 
f  mile  W.  6°  S.  of  Wells. 
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The  isoseismal  4  is  11}  miles  long,  4f  miles  broad,  and  incladea 
43  square  miles ;  the  direction  of  its  longer  axis  being  W.  30^  N. 
and  E.  30°  S.  Its  centre  is  |  mile  W.  27°  N.  of  Wells,  and  J  mUe 
from  the  corresponding  centre  for  the  first  shock,  the  line  joining 
the  two  centres  being  parallel  to  the  longer  axis  of  both  carves. 
The  distance  between  the  isoseismals  is  nearly  3  miles  on  the  north- 
east side,  and  nearly  5  miles  on  the  south-west  side. 

In  nature  and  duration  the  second  shock  resembled  the  first.  It 
was  again  a  continuous  series  of  vibrations,  like  that  felt  in  a  house 
built  directly  over  an  underground  railway,  according  to  one 
observer.  The  mean  recorded  duration  was  slightly  less  than 
4  seconds,  but  most  of  the  observers  were  awakened  by  the  shock 
and  may  have  missed  the  earlier  tremors. 

The  sound  is  also  compared  to  similar  types.  Among  them  may 
be  mentioned  a  goods  train  passing  over  an  iron  bridge,  a  deep 
peal  of  thunder,  a  rushing  wind,  the  fall  of  boxes  on  a  floor,  and 
tremendously  heavy  blasting  but  prolonged. 

In  estimating  the  frequency  of  comparison  to  different  types,  the 
small  number  of  descriptions  renders  it  advisable  to  do  so  for  the 
two  shocks  together,  especially  as  there  are  several  other  accounts 
in  which  the  particular  shock  is  not  distinguished.  The  sound  is 
compared  to  passing  waggons,  etc.,  in  26  per  cent,  of  the  records, 
to  thunder  in  11  per  cent.,  to  wind  in  5,  loads  of  stones  falling  in  13, 
heavy  bodies  falling  in  11,  explosions  in  26,  and  to  miscellaneous 
sounds  in  8  per  cent  These  are  about  the  usual  proportions  for 
a  slight  earthquake,  except  for  the  rather  frequent  references  to 
explosions.  The  exception  is  in  reality  only  apparent,  for,  in  all 
but  three  cases,  the  reference  is  to  an  explosion  prolonged  or  else 
to  an  explosion  in  the  midst  of  an  undescrtbed  rumbling  sound ;  the 
three  places  are  Wells,  Wookey,  and  Wookey  Hole,  and  these  are 
close  to  the  epicentre.  Again,  the  comparison  to  passing  waggons 
implies  that  the  sound  was  of  long  duration  and  gradually  increased 
to  a  maximum  and  then  died  away ;  but  this  is  not  the  case  with 
the  dragging  of  heavy  boxes  along  the  floor,  which  I  have  included 
in  the  same  type.  Comparisons  to  the  latter  sound  come  from 
Priddy,  Street,  and  West  Pennard,  places  which  are  not  far  from 
the  shorter  axis  of  the  disturbed  areas.  The  general  result  is,  as 
we  should  infer,  that  the  sound  is  of  long  duration  near  the  ends 
of  the  longer  axis,  and  of  short  duration  near  the  ends  of  the  other. 

Belaiion  hettoeen  the  two  Earthquakes. — The  relation  between  the 
isoseismal  lines  of  these  two  earthquakes  is  somewhat  peculiar. 
They  are  almost  concentric.  Yet  both  isoseismals  of  the  second 
shock  overlap  those  of  the  first  towards  the  east  and  west,  and  are 
overlapped  by  them  towards  the  north  and  south.  Moreover,  though 
the  second  shock  had  the  larger  disturbed  area  yet  its  intensity  was 
not  everywhere  the  greater.  The  first  shock  is  reported  to  have 
been  the  stronger  at  Binegar,  Ohewton  Priory,  Coxley,  Dinder, 
Priddy,  Street,  West  Pennard,  Wookey,  and  Wookey  Hole;  and 
the  second  shock  at  Oroscombe,  Draycot,  Masbury,  Pilton,  Shepton 
Mallet,  and   Wells.      Now,  at  the  points  where  the  isoseismals 
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inteneofc,  the  intensitieB  of  both  shocks  were  the  same,  and,  if  onrrefr 
(represented  by  dotted  lines  on  the  map)  be  drawn  through  the  four 
points  of  intersection  on  both  the  west  and  east  sides  of  the  disturbed 
areas,  the  intensities  of  both  shocks  at  any  point  of  these  oanre» 
should  be  the  same.  These  lines  divide  the  whole  area  into  three- 
districts.  In  the  central  district  lie  all  the  places  where  the  first 
shock  was  regarded  as  the  stronger,  and  in  the  terminal  districts 
those  where  the  second  was  the  stronger,  with  one  exception,  that 
of  Wells.  This  city  lies  near  the  centres  of  both  disturbed  areas, 
and,  according  to  a  newspaper  report,  the  second  shock  waa 
severer  than  the  first  Too  much  stress  should  not  be  laid  upon 
this  exception,  for  there  is  always  some  variation  in  the  estimatea 
of  the  relative  intensities  of  two  shocks  where  theae  do  not  differ 
greatly. 

The  explanation  of  the  peculiarity  is  simple  enough.  Hie  more^ 
elongated  form  of  the  isoseismal  lines  of  the  second  shock  implies- 
that  it  had  a  longer  focus.  The  overlapping  towards  the  north  and 
south  of  the  second  disturbed  area  by  the  first  shows  that  the  initial 
intensity  of  the  first  shock  within  a  given  area  of  the  focus  was 
greater  than  that  of  the  second.  Thus,  the  second  earthquake  owes 
its  larger  disturbed  area  simply  to  the  greater  length  of  its  focos. 

Third  Earthquake :  Dec,  81,  about  4  a.m. — A  slight  shock  was  felt 
at  Priddy,  Street,  Wells,  and  Wookey.  At  Street  and  Wells  it  was- 
accompanied  by  sound.  So  far  as  we  can  judge  from  the  distribution 
of  these  places  it  would  seem  that  the  epicentre  lay  to  the  west  of 
the  epicentres  of  the  two  first  shocks. 

Origin  of  the  Earthquakes, — It  has  been  suggested  that  the  shocks 

were  not  of  seismic  origin,  but  were  caused  by  the  fall  of  large 

masses  of  rock  in  underground  channels.     If  this  were  so,  the 

disturbed  areas  and  isoseismal  lines  would  have  been  approximately 

circular  and  the  sound  would  have  been  compared  almost  exclusively 

to  explosions  or  the  fall  of  heavy  bodies.    The  elongated  forms  of 

the  isoseismal  lines  and  the  general  character  of  the  sound  are 

therefore  conclusive  against  such  an  explanation. 

On  the  other  hand,  all   the  phenomena  known  to  me  are  in- 

f  complete  accordance  with  the  view  that  the  shocks  were  caused 

(  by  slips  along  a  fault,  running  W.  30°  N.  and  E.  Z(f  a,  hading 

\  towards  the  south-west,  and  passing  through  a  point  between  one 

and  two  miles  north-east  of  Wells  and  between  Wookey  Hole  and 

Priddy.    The  Oeological  Survey  map  contains  no  fault  in  this 

position,  but  it  will  be  noticed  that  the  direction  assigned  to  the 

earthquake-fault  is  roughly  parallel   to  that  of  the  Mendip  Hilla 

in  this  district.     The  focus  of  the  first  shock  must  have  been  about 

4  miles  and  that  of  the  second  about  6  or  7  miles  in  length. 

Fort  WiUiam  Earthquake :  Jan.  12,  1894. 

Owing  to  its  time  of  occurrence  (about  11.50  or  11.55  p.m.)  and  to 
the  small  number  of  villages  within  the  disturbed  area,  I  have  only 
been  able  to  obtain  17  records  from  14  places,  in  addition  to 
negative  records  from  5  places.     I  regret  my  failure  especially  in 


Digiti 


zed  by  Google 


Dr.  C.  Damon— JBriiish  Earthquakes,  1893-99.        113 

this  case,  as  the  earihqQake  appears  to  be  unique  in  one  respect 
among  British  earthquakes  of  the  last  eleven  years. 

So  far  as  the  aocounts  may  be  trusted,  the  disturbed  area  appears 
to  consist  of  two  detached  portions — one  in  the  neighbourhood  of 
Fort  William,  the  other  in  Moidart  and  Arisaig  in  the  extreme  west 
of  Inverness-shire.  Eleven  of  the  places  of  observation  lie  in  the 
former  area  and  three  in  the  latter,  while  between  them  there  are 
three  places  (Einlochieli  Duisky,  and  Eingairloch)  at  which,  I  am 
told,  the  earthquake  was  not  observed.  Much  reliance  should  not  of 
course  be  placed  on  so  small  a  number  of  negative  records,  especially 
for  an  earthquake  which  occurred  at  midnight ;  but  there  is  also 
distinct  evidence  that,  in  the  eastern  area,  the  shock  was  much 
weaker  on  the  west  than  on  the  east  side  of  Loch  Linnhe. 

In  a  country  district,  time-records  are  naturally  liable  to  con- 
siderable error,  but  those  in  both  parts  of  the  disturbed  area  agree 
in  giving  the  time  as  nearly  midnight  If  there  were  two  separate 
impulses,  there  is  therefore  no  evidence  to  tell  us  which  occurred 
first 

Of  the  places  in  the  eastern  area,  four  (Ardgour,  Banavie, 
Garpach,  and  Trislaig)  are  on  the  north-west  side  of  or  close  to  the 
great  Highland  fault,  and  the  remaining  seven  (Achintore,  Blarmac- 
foldach,  Oamach,  Fort  William,  Olencoe,  Nether  Lochaber  Manse, 
and  North  Ballachulish)  are  on  the  south-east  side.  The  boundary  of 
the  area  cannot  bo  determined  satisfactorily  firom  these  places,  but 
it  is  about  17  miles  long,  its  longer  axis  is  roughly  parallel  to  the 
great  fault,  and  it  extends  to  a  much  greater  distance  on  the  south- 
east than  on  the  north-west  side  of  the  fault  If  the  shock  felt 
in  the  eastern  area  were  due  to  a  slip  of  the  fault,  or  of  one  of 
the  system  of  faults,  it  is  clear  that  the  fault  concerned  must  hade  to  / 
the  south-east  This  is  also  shown  by  the  intensity  of  the  shock ; 
for  the  only  places  where  it  attained  the  degree  4  (Blarmacfoldaoh, 
Camach,  and  Nether  Lochaber)  are  on  this  side. 

As  a  rule,  the  shook  resembled  the  tremors  felt  in  a  house  when 
a  heavy  conveyance  is  passing.  At  Nether  Lochaber  Manse,  how- 
ever, the  movement  was  stronger  and  more  distinct,  being  like  that 
felt  in  a  heavy  carriage  in  rapid  motion  on  a  rough  road,  and 
culminating  in  a  severe  vibration.  The  sound  was  compared  by 
three  observers  to  the  rumbling  of  a  cart  or  a  heavy  loaded  waggon 
on  a  rough  road,  and  by  three  to  distant  thunder. 

Very  Httle  can  be  ascertained  with  regard  to  the  western  part  of 
the  disturbed  area.  The  shock  was  felt  only  at  three  pletces,  namely, 
Arisaig,  Glenmoidart,  and  Boshven ;  at  the  second  of  these  places 
the  intensity  was  4  The  sound  was  described  by  one  observer  as 
like  distant  thunder,  and  by  another  as  like  the  explosion  of  a  large 
quantity  of  gunpowder  at  a  great  distance.  The  observer  at 
Glenmoidart  informs  me  that  a  second  and  weaker  shock  was  felt 
Uiere  in  the  daytime  some  days  afterwards,  and  a  third  at  night 

It  seems  to  me  probable  from  the  above  evidence  that  there  were 
two  distinot  shocks,  each  disturbing  a  separate  area ;  and  that  the 
shock  felt  in  the  neighbourhood  of  Fort  William  was  due  to  a  slip  of 
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the  great  Highland  fault  With  regard  to  the  origin  of  the  other 
shock  nothing  oan  be  ascertained,  nor  is  there  any  evidence  to  show 
whether  the  proximity  in  time  and  place  between  the  two  shocks 
was  other  than  accidental 

Olen  Oarry  Earthquake  :  Jan.  25,  1894. 
A  shock,  of  intensity  4,  was  felt  by  Mr.  M.  Matheson  and  at  least 
four  other  persons  at  Ardochy  at  1.7  p.m.    The  vibraUon  was  like 
that  produced  by  a  carriage  passing  over  a  wooden  bridge ;  it  was 
followed  by  a  distant  roar. 

Annandale  JSarthquakes  :  March  8  and  May  14^  1894. 
My  only  authorities  for  these  two  shocks  are  the  accounts  given  in 
the  local  newspapers.^     I  was  unsuccessful  in  my  attempts  to  obtain 
further  information,  but  houses  are  widely  scattered  in  the  district. 

I  see  no  reeison  for  doubting  the  seismic  character  of  the  shocks. 
The  first  earthquake  occurred  about  midday  on  March  8,  and  was 

most  marked  in  the  central  district  of  Corrie. 

The  second  occurred  during  the  afternoon  of  May  14  in  the  upper 
valley  of  the  Milk.  It  was  distinctly  felt  at  Oorrie  Bridge,  Ck)rrielaw, 
and  Bosebank  (about  two  miles  east  of  Lockerbie),  and  possibly  also 
in  the  district  about  Eskdalemuir.  The  intensity  was  at  least  4  in 
the  first  three  places  mentioned.  At  Corrie  Bridge,  the  shock  was 
accompanied  by  a  noise  resembling  the  distant  firing  of  cannon. 

Comrie  Earthquake  :  July  12,  1894. 
A  very  distinct  trembling   (of  intensity  3)   was  felt  at  about 

II  p.m.,  and  was  accompanied  by  a  dull  rumbling  sound  lasting 
about  6  seconds.  So  far  as  I  know,  the  earthquake  was  only 
observed  at  Comrie  and  Dalginross,  which  is  about  ^  mile  south-east 
of  Comrie  ;  and  I  have  six  negative  records  from  places  in  the 
vicinity.  The  disturbed  area  must  therefore  have  been  very  small, 
and  the  epicentre  may  be  regarded  as  coincident  with  the  vUlage  of 
Comrie. 

Qlen  Oarry  Earthquake  :   Sept.  18, 1894. 
Mr.  Matheson  informs  me  that  this  shock  was  not  so  strong  at 
Ardochy  as  that  felt  on  Jan.  25.     It  occurred  at  10.10  a.m.,  and  was 
followed  by  a  loud  noise.    It  was  also  felt  on  the  opposite  (or  south) 
side  of  Loch  Garry. 

Fort  WiUiam  Earth-Sound:  Jan.  9,  1895. 
The  occurrence  of  this  earth-sound  was  noticed  in  the  daily  papers, 
but  for  the  details  given  below  I  am  indebted  to  Mr.  Angus  Bankin 
"^    I  Nevis  Observatory. 

BO  was  heard  between  5.45  and  5.50  a.m.  by  many  persons, 
^  awake  in  bed,  others  preparing  to  go  to  work ;  but  it 
oud  enough  to  waken  sleepers.  It  is  described  by  all  as 
^  noise  resembling  distant  thunder,  and  to  one  observer  at 
am  it  appeared  to  travel  in  a  north-easterly  direction.     No 

ale  Herald  (Lockerbie),  May  17  ;  Dumfriet  and  Galloway  Courier  and 
nfries).  May  19;  and  EtkdaU  and  Liddeadale  Ad9mrti9er  (Langholm), 
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flhook  or  tremulotifl  motion  was  felt  bj  anyone,  and  the  seismograph 
at  the  Low-level  Observatory  at  Fort  William  showed  no  sign  of 
any  movement.  The  noise  was  heard  also  at  Blarmaofoldaoh  and 
Lundavra,  whioh  are  respectively  3  and  5  miles  to  the  south 
of  Fort  William;  all  three  places  being  close  to  the  northern 
boondary  £Eialt  of  the  Highland  district  As  to  the  seismic  origin  of 
the  soandy  there  can  be  little  doubt,  for  the  district  is  one  where 
slight  shocks  are  occasionally  felt,  and  all  the  observers  agree  that  it 
was  an  '  earthquake-noise.'  So  far  as  our  knowledge  of  the  earth- 
sound  goes,  its  evidence  confirms  the  conclusion  that  the  great  fieuilt, 
or  one  of  the  system  of  faults,  hades  to  the  south-east 
{To  U  eont%nu0d  in  our  n$xt  Kumbir,) 


IV. — Bkpobt  on  thjb  Drift  at  Mobl  Teyfaen.*    Drawn  up  by  the 
Skobbtaby,  E.  Greenly,  F.Q.S* 

Ihtboduotion. — In  August,  1898,  it  became  known  that  what  is 
perhaps  the  clearest  and  most  instructive  section  in  the  famous 
high-level  drift  deposits  at  Moel  Tryfaen  must  in  a  short  time  be 
swept  away  in  the  course  of  the  quarrying  operations.  There  are 
two  slate  quarries  on  Moel  Tryfaen,  the  ''Alexandra"  and  the 
"  Moel  Tryfaen  "  Quarries,  excavated  in  the  same  line  of  strike  of 
the  slates.  Gradually  expanding,  they  had  approached  each  other 
so  nearly  as  to  leave  a  narrow  bank  between  them  with  no  more 
than  a  yard  or  two  of  uncut  turf  upon  it     Now  the  drifb  sections 


3^  4AA  •  '«*' 


^<^ 


Pio.  1. — Map  of  part  of  Moel  Tryfaen  from  Six-inch  Ordnance  Map. 

thus  in  danger  of  destruction  are  exceedingly  important  for  the 
following  reasons :  (1)  They  are  at  right  angles  to  the  strike  of 
the  slates,  and  thus  display  the  character  of  the  underlying  rock 

^  Report  of  the  Committee,  consisting  of  Dr.  H.  Hicks  (Chairman),  deceased, 
Mr.  E.  Greenly  (Secretary),  Professor  J.  F.  Blake,  Professor  P.  Kendall,  Mr.  G.  W. 
I^amplngh,  Mr.  J.  Lomas,  Mr.  T.  Mellard  Reade,  Mr.  W.  Shone,  and  Mr.  A. 
IStnhan,  appointed  to  make  photographic  trnd  other  records  of  the  disappearing  drift 
«6etaon  at  Moel  Tryfaen  (spelt  Tryfan  in  New  Ordnance  Survey  Maps).  Eepcinted 
from  the  BritiBh  Association  Beport,  1899  (1900),  pp.  414-423. 
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Burfaoe;  (2)  they  show  the  nature  and  position  of  the  jonotion  of 
the  shelly  sands  and  gravels  with  the  overlying  Boolder-olay ; 
(3)  the  false  hedding  and  other  stmotures  in  the  sands  and  gravels 
are  best  seen  along  them ;  (4)  they  have  been  more  aooessible  than 
the  other  sections  in  the  qoarries.  A  Committee  was  therefore 
appointed  to  preserve,  by  photography,  sapplemented  by  a  written 
report,  an  impartial  record  of  the  phenomena  displayed  in  these 
sections.  The  Committee  have  much  pleasure  in  acknowledging 
their  obligations  to  Mr.  Menzies,  the  manager  of  the  Alexandra 
Qnarry,  who,  with  a  large-minded  appreciation  of  scientific  work 
for  which  geologists  cannot  be  too  grateful,  offered  to  suspend 
operations  in  that  part  of  the  quarry  for  three  months,  besides 
showing  the  Committee  every  hospitality  and  facilitating  their  work 
by  all  means  in  his  power. 

Photographs. — Six  whole-plate  and  five  half-plate  photographs 
were  taken  by  Mr.  John  Wickens,  F.B.P.S.,  photographer,  of 
Bangor. 

The  views  taken  are : — 

1.  General  view  of  Bection  from  W.N.W.  end. 

2.  General  view  of  section  from  £.S.£.  end. 

3.  General  view  from  "W.N.W.  of  Moel  Tryfaen  Qnarry,  including  ndghboorhood. 

4.  Boulder-clay  by  engine-house  at  E.S.E.  end  section. 
6.  Sands  seen  below  Boulder-clay. 

6.  Junction,  wedge  of  Boulder-clay  in  sand  and  gravel. 

7.  Base  of  sands  and  terminal  curvature  near  W.N.W.  end  of  section  looking 
8.S.W. 

8.  Duplicate,  showing  a  little  more  of  slate. 

j    9.  Similar  phenomena  on  N.E.  side  of  quarry  (third  gallery)  looking  N.N.E. 
I    10.  Duplicate,  a  little  nearer. 

11.  Bocks  on  summit  of  hill  from  N.W. 

!  Dbsoription  op  Section. — The  Chairman,  the  late  Dr.  Hicks, 
!F.B.S.,  visited  the  section  on  September  26,  1898;  and  on 
'November  5,  1898,  Messrs.  Kendall,  Lamplugh,  Lomas,  Mellard 
Beade,  Shone,  and  the  Secretary  examined  it  and  recorded  the  facts 
embodied  in  this  report  On  July  1,  1899,  the  Secretary  added 
items  1,  2,  and  9. 

As  there  have  been  serious  differences  of  opinion  as  to  the  inter- 
pretation of  the  Moel  Tryfaen  phenomena,  the  Committee  wish  to 
emphasize  the  statement  that  this  report  is  intended  to  be  a  record 
of  observed  facts  only,  without  reference  to  any  conclusions  that 
may  be  drawn  from  these  facts. 

The  observations  are  here  arranged  under  thirteen  heads.  All 
the  details  were  examined  from  the  side  of  the  Alexandra  Quarry, 
which  was  the  better  and  more  accessible  section  of  the  two. 

1 .  Bearing  and  Distance  of  Section  from  HiUtop. — About  800  feet 
E.S.E.  to  the  middle  of  the  section. 

2.  Length  of  Section.^From  700  to  750  feet. 

3.  Direction  of  Section. — The  sections  are  in  curves  concave  to 
N.N.E.  and  S.S.W.  in  the  "Alexandra"  and  "Moel  Tryfaen" 
Quarries  respectively,  so  that  a  tangent  to  both  curves  at  their 
nearest  point,  about  the  middle  of  each  section,  is  about 
WJ^.W.-E.S.E. 
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4.  B^ght  of  Boeh  Suff ace.— The  floor  of  iSallery  "No*  1,**  the 
liigbest  in  the  Alexandra  Qaarrj,  is  at  1,281  feet  above  sea-level. 
The  Barface  of  the  rock  emerges  from  below  drift  in  the  floor  of 
this  gallery  a  few  yards  E.S.E.  of  the  edge  of  the  Boulder-clay,  and 
Tises  gradaally  to  W«N.W.  The  angle  measured  by  Abney  Level 
'frora  the  opposite  side  of  the  Alexandra  Quarry  is  from  2^*5  to  6^*0 
'(average  iP'25)  to  E.S.E.  (Photographs  1,  2,  3).  But  the  surface 
undulates  (Photographs  7,  8). 
•     5.  Slope  of  Surface  of  Drift  ahng  Section  (Photograph  8). 

6.  Strike  and  Dip  of  Cleavage  of  .SZa/c*.— N.  80  B.,  95°-98<^  to 
S.  of  B.  Dip  of  Bedding  of  5late«.— 25^-80°  S.S.B.  or  S.,  but 
undulating. 

7.  Thichne$8  of  Drifte  along  Section,— ^25  feet  maximum,  thinning 
toward  hilltop  (Photographs  1,  2,  8,  4,  11).  The  sections  which 
Mrill  remain  at  present  will  show  the  varying  thicknesses  in  the 
quarries. 

8.  General  Nature  of  the  DrifU. — Their  general  characters  have 
been  often  described.  Towards  the  N.W.  are  sands,  sandy  loam, 
and  gravel,  with  shells,  Boulder-clay  coming  on  above  them  towards 
the  8.B.  (Photographs  1,  2,  8). 

9.  Position  of  Boundary  of  Sandy  Group  and  Boulder-day. — The 
junction  at  the  surface  between  the  quarries  is  about  1,000  feet  from 
the  hilltop. 


/.  M/nydd  Mawr  EuHte 
3.  PbMmmmmr  Dhrite 


Fxo.  2. — Contortions  in  Sands  below  Boulder-olaj. 
(Section  at  x  in  Fig.  3  on  Elevation.) 

10.  Character  of  the  Sandy  Group. — The  beds  may  be  described 
as  sand  and  yellow  loam  with  gravelly  streaks  and  pockets 
containing  shells.  The  shell  fragments  were  found  on  November  6 
only  in  the  gravel,  none  but  the  finest  crumbs  having  been  seen 
in  the  slmd  and  loam  (a,  p.  120).  The  bedding  is  very  irregular, 
and  even  here  and  there  curved  (Photograph  1),  but  contortion  has 
only  been  observed  near  the  junction  with  the  overlying  Boulder- 
«lay  (fi,  p.  120). 

11.  Characters  of  the  Boulder 'clay.^This  is  a  good  typical,  tough, 
strong,   nnstratified  till,  such  as  is    mostly  found    in    mountain 
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clistridtB,  dark  grey  ia  colour  and  full  of  Biones  (Photograph  4). 
The  stones  are  for  the  most  part  of  moderate  size,  bat  some  up  to 
2^  and  3  feet  (the  visible  part)  occur.  They  are  subangular  and 
well  striated.  There  seems  to  be  a  general  slight  upward  inclination 
of  the  longer  axes  of  Uie  stones  to  E.S.E.  or  E.  The  longer  axis  of 
fihe  large  boulder  mentioned  pointed  W.  20  S.  —  K  20  N.,  and  its 
eastern  end  was  a  little  lifted.  Nearly  all  the  stones  observed  were 
of  North  Welsh  origin,  the  riebeckite  eurite  of  Mynydd  Mawr  being 
very  abundant,  but  one  pebble  of  a  granite  foreign  to  North  Wales 
was  obtained  on  November  5  (7,  p.  120).  Extensive  sections  will 
rem^n,  in  which  all  points  not  depending  upon  orientation  can  be 
observed. 

12.  Nature  of  Junction  of  Sandy  Oroup  and  BovUer-eHay  (Photo- 
graphs 5,  6). — In  a  general  way  the  sandy  group  passes  under  the 
Boulder-clay  to  the  E.S.E.,  as  described  by  previous  writers. 
The  sandy  beds  in  places  dip  W.  at  the  junction,  and  are  also 
ocmtorted,  a  string  of  loamy  sand  two  inches  thick  being  bent  info 
sharp  folds  (Fig.  2)*  These  contortions,*  however,  were  not  very 
clearly  displayed  on  November  5  on  account  of  slipping. 

The  Boulder-clay  rests  upon  an  ui^even  surface  of  the  sandy  beds, 
as  shown  in  the  annexed  section  (Fig.  8),  which  was  measured,  and 
is  drawn  to  scale. 

The  photograph  No.  5  is  taken  close  to  the  E.S.E.  end  of  this 
section.  The  Boulder-clay  is  ''good  typical  stony  till,"  and  the 
underlying  beds  the  usual  sand  and  yellow  loam  with  gravelly 
streaks  and  pockets  containing  shell  fragments.  In  the  lowest 
layers  are  angular  fragments  of  slate,  below  which  is  broken  slate 


Floor  of  Gallery  No.  1. 

Fio.  8.^— Junction  of  Boulder-clay  and  Sandy  Beds. 
(Scale  1  inch  =  36  feet ;  length  of  section  144  ft.  6  in.) 

.mixed  with  a  small  quantity  of  clayey  matter  resting  on  slate  with 
terminal  curvature. 

Evidence  has  been  adduced  by  previous  writers  to  show  that  the 
sandy  group  overlies  as  well  as  underlies  the  Boulder-clay,  so  that 
.the  two  groups  interdigitate.  The  section  as  seen  on  November  5 
could  not  be  said  to  be  conclusive  on  this  point ;  but  it  ia  shown 

*  Very  well  seen  on  September  26.— H.  H. 
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in  FhotograjA  No.  6,  of  which  Vig.  4  is  an  explanatory  diagram : 

(a)  is  Toiy  stony  Bonlder-day,  stones  mainly  of  Wekh  origin; 

(b)  yellow  loam  and  sand  bedded  and  contorted ;  (e)  bedded  sand 
and  gmrel/l  foot  to  2  feet;  (d)  soil  6  inches,  llie  lower  edge  of 
the  Boulder-olay  dips  downward  into  the  exposed  face  rather  steeply. 
BBB  are  bonlders  with  angular  ends  projecting  from  the  clay  into 
the  sand,  the  larsest  being  apparently  of  Penmaenmawr  diorite,  and 
the  other  two  of  riebeokite  eurite  of  Mynydd  Mawr.  There  is  no 
distinct  evidence  that  the  shelly  sand  and  gravel  anywhere  oVerlie 
the  BouldejT-olay.  A  dose  examination  showed  a  distinct  line, 
probably  of  erosion,  between  that  which  passes  above  and  that 
which  passes  beneath  the  Boolder-clay,  in  which  last  only  were 
shell  fragments  foand.  The  sand  and  gravel  above  the  Boolder-clay 
may  be  altogether  newer  than  that  in  the  lower  part  of  the  sectioni 
containing  &e  marine; shells,  and  may  possibly  be  merely  hill- wash; 

13.  Ba$e  of  ihe  Drifta  and  Nature  of  Underlying  Bock  Surface 
(Photographs  7,  8).— The  surface  of  the  slate  is  seen  in  contact 
with  the  sandy  group  only,  the  Boulder-clay  not  reposing  directly 
upon  the  rock  in  any  part  of  the  section.  The  surface  of  the^ 
slates  is  exceedingly  shatteted,  the  shitttering  affecting  them  to  the 
depth  of  a  foot  or  two.  The  shattered  edges  are,  with  (5,  p.  120) 
certain  local  exceptions,  bent  over  in  an  E.SJBi.  direction,  i.e.  to  the 
left  of  an  observer  looking  along  the  strike  of  the  cleavage  to  the 
S.S.W.,  the  displaced  laminsd  retaining  generally  their  original 
direction  of  strike.  Thei  displacement  usually  goes  down  to  the 
first  horizontal  Joint  below  the  surface,  and  is  a  '  displacement ' 
rather  than  a  true  curvature. 

These  terminally  disturbed  slates  pass  up  into  a  band  of  slate 
breccia  or  rubble,  composed  of  angular  fragments  (e,  p.  120). 
This  forms  a  well-marked  band  all  along  the  section,  and  is  from 


Pie.  4. — ^North-w6Bt  ternunation  of  Boolder-clay  in  Section. 


1  to  3  feet  thick.  The  fragments  become  smaller  towards  the  top, 
and  have  at  first  a  slight  inclination  upwards  to  the  E.S.E.,  the 
upper  layers,  however,  becoming  horizontal.    Where  not  obscured 
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by  slipping,  the  junction  witk  the  sandy  drift  above  is  usually 
well  marked,  but  angular  and  subangular  debris  is  mixed  with  the 
lowest  layers  of  the  gravel. 

Conclusion. — ^The  above  description  is  not  intended  to  be  ex- 
haustive, though  the  description  of  the  section  about  to  be  destroyed 
has  been  made  as  full  as  seemed  possible  at  the  time.  Incidentally 
certain  details  in  other  parts  of  the  quarries  were  observed,  and 
have  therefore  been  included;  but  these  form  only  a  subsidiary 
and  unessential  portion  of  the  report,  and  are  therefore  placed  in 
a  separate  appendix,^  because  the  sections  in  which  they  are 
displayed  are  in  no  danger  of  destruction.  Generally,  moreover, 
it  will  be  observed  that  the  report  is  confined  to  questions  of 
structure,  physical  relations,  and  measurements;  and  that  many 
matters  of  the  highest  importance,  such  as  species,  distribution,  and 
state  of  preservation  of  the  shells,  the  nature  of  the  boulders  in  the 
sands  and  the  clay,  the  character  of  the  fine  material  of  the  drifts, 
are  not  dealt  with.  These  are  points  which  can  be  investigated  as 
well  as  ever  in  extensive  sections,  which  the  quarrying  will  keep 
dear  and  open. 

It  must  not  be  supposed  that  the  Moel  Tryfaen  sections  are  being 
destroyed  as  a  whole.  It  is  the  part  specified  only  that  is  perishing ; 
and  the  drifts  of  the  quarries  will  continue  to  furnish  ample  scope 
for  research  into  many  matters  of  great  importance  to  glacial 
geology  for  many  years  to  come. 

NoTB  A. — By  Chairman  and  Memher$. 

(a)  §10. — Some  of  the  best  preserved  specimens  sent  to  me  by 
Mr.  Menzies  from  the  drift  in  the  Alexandra  Quarry  have  adhering 
to  them  a  fine  loamy  sand,  and  it  is  in  such  a  material,  interstratified 
with  sand  and  gravels,  that  I  have  usually  obtained  the  best 
specimens  of  shells  in  the  Welsh  sections. — H.  H. 

(fi)  §10. — In  addition  to  boulders  of  North  Welsh  rocks,  they 
are  full  of  far-travelled  erratics  from  the  Lake  District  and  the 
South  of  Scotland. 

(7)  §  11. — This  deposit,  therefore,  differs  widely  in  regard  to  its 
incluided  stones  from  the  underlying  sandy  group,  which  contains 
many  far-travelled  erratics,  as  before  stated ;  as  it  does  also  in  the 
apparent  absence  of  marine  shells  and  of  Foraminifera. 

(S)  §  13.— P.  F.  Kendall  and  J.  Lomas  would  prefer  to  say  that 
the  general  direction  of  displacement  had  only  a  few  individual 
exceptions,  which  might  indeed  be  due  to  quarrying  operations. 

(e)  §  13. — ^This  material  was  not  observed  by  the  Committee  to 
contain  any  glacially  striated  fragments  or  any  foreign  stones— ^no 
fragments,  indeed,  but  of  the  underlying  slates. 

NoTB  B.—By  T.  Mellard  Beade,  F.G.8. 

Specimens  of  the  drift  were  taken  by  me  at  the  meeting  on 
November  5,  1898,  in  the  positions  shown  on  the  following  sections 

*  See  Appendix  C. 
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<Pig8,  5  and  6),  and  snbmitted  to  Mr.  Joseph  Wright,  F.G.S.,  of 
Belfast 

He  yery  kindly  examined  them  for  Foraminifera,  and  in  all 
disoovered  twenty-three  speoies.  The  results  seem  to  show  that 
the  Foraminifera  ooour  in  the  most  abundance  in  the  shelly  sand. 
None  were  found  in  the  overlying  Boulder-olay  (Specimen  4),  and 
a  few  only  in  Specimens  Nos.  1  and  2.  In  No.  3  the  Foraminifera 
were  more  plentiful  and  of  speoies  common  to  the  low-level 
Boulder-clay  of  Lancashire,  Cheshire,  and  the  Yale  of  Olwyd.  As 
usual,  Nonionina  depre$8ula  was  common,  and  far  outnumbered  the 
other  species. 


Boafdcr  c/ay  ^cry  strong 
/oca/  roc/Irs 


/ran  band 

•  Spedmcn  N9/, 


'•9 


'^i\f\-iri 


Sficctmcn  N9Z-  Vcryfineredor6r/g/ft 
6fQlffta  fP^r/ji  s^/fcr 


-=-^>"7==-r''':iZ!!l  ;^:=r^^^s  Bedded  s/ate  fragments 
^{f^J^S^^^^^t/n  c/ayey  matrix. 

Ill  ^^TWW  fl  Lerger  fragments 

iyffi  ^/7fi/  ^l\  Vertica/Zymc/medfrag' 

...i:!^g^^^i-r-^..:r-T=-,  ^r'z:=:iiij^jji^^^^  ofs/atc  rock 
sJ:^  Slfitt^.  /-ir»Az"-^=:  ■:Tr^  "^lUr-l  Xcrmiod/ curvature'^ 


Fi0.  5. — Section  showing  position  of  Foraminiferal  beds. 

The  high-level  drift  generally  does  not  appear  to  have  been 
searched  much  for  Foraminifera.  The  only  other  published  list 
from  Moel  Tryfaen  that  I  can  find  is  that  given  by  Miss  Mary  E. 
Andrews.' 

This  list  was  also  the  result  of  Mr.  Wright's  examination  of 
specimens  collected  by  Miss  Andrews.    In  all  twelve  species  are 

>  Annual  Beport,  Belfast  Naturalists'  Field  Club,  1894-95,  pp.  209,  210. 
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enumerated,  those  common  to  this  list  being  marked  with  an  asterisk^ 
and  being  eight  in  number. 


o- 


BouMer  c/ay  es  in prcccaing  section 
Specimen  N9  4-, 


-^^te  rubb/c  or  Orecae. 
^dsTnprg^eding  section 


Specimen  Hf3  (mixecf) 


Fio.  6.— Section  showing  position  of  Foraminiferal  beds. 


Note  C. 

List  of  Fobaminifeba  of  Pleistocene  Beds  of  Moel  Tbtfaek. 
J5y  Joseph  Wright,  F.G.8. 

No.  1. — Weight  of  sand,   lib.   L'7oz.  troy.     After  washing,  fine  10*8 oz.; 
coane  1*5  oz.    in  this  sample,  as  well  as  in  all  the  others  which  I  examined,  the 
greater  portion  of  the  stones  were  more  or  less  rounded,  the  others  being  angular. 
Lagena  semxMtriata  (Will.).    Very  rare. 
*Jionionina  depreuula  (W.  &  J.).    Very  rare. 

No.  2. — ^Weight  of  sand,  1  lb.  2*7  oz.  troy.    After  washing,  fine  7*3  oz. ;  ecNurae 
2*2  oz.    Very  fine  bright  brown  sand. 
Lagena  lineata  (Will.).    Very  rare. 

No.  8. — Weid^t  of  sand,  21b.  3-5  oz.  troy.    After  washing,  fine  lib.  8*2 oz.; 
coarse  6*4  oz.    Fragmaits  of  shells. 
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Miliolina  seminulum  (Linn.)-     Rare. 
Bulimina  pupoides  (D*  Orb.) .    Very  rare. ' 
Bolivina  punctata  (D'Orb.).    Frequent. 

•  ,,  .    plicatd  (I>*Orb.J.    Common. 
^GasH^linacraasa  (W  Or 0.),    Common. 

Lagena  sulcata  fW.  &  J.).    Very  rare. 
„      Williamgoni  (Wcock),    Veryrare* 
„     s&miHneata  (Wiight).    Very  rare. 

•  „      tquamo$a  (Monte.).    Very  rare. 
„      tnarffinata{W.  &  B.).     Rare, 

„      quadrata  f  Will.).    Very  rare.  ^ 

„      elathrataifir.).    Very  rare.  j, 

„      Orbignyana  (!Seg.).     Very  rare. 
„      quadricoitulata  (Rss.).     Kare. 
Uviperina  angulina  ("Will.).    Verv  rare. 
Olobigerina  bulloidcs  (D'Orb.).    "frery  common. 
Orbulina  universa  (D*Orb.).    Freqnent,  very  small. 
^Discorbina  rosacea  (D^ Orb.).    Very  rare. 

„         Wrightii  (Br.).     Common. 
*Puhinulma  Kartteni  {^isa.).     Rare. 
*Nonum%na  depressula  {W.  &  J.).    Most  abundant. 
^Bolyttomella  atriato-'punctata  (F.  &  M.).     Very  rare. 

203  specimens  of  Nonionina  d^ettula  were  obtained  from  this  gathering,  whilst 
the  other  twenty-one  species  numberedj)nly  102. 

No,  4.— Weight  of  sand,  2 lb.  6*7  oz.  troy.     After  washing,  fine  6*6  oz. ;  coarse 
1*3  oz.    Sand  very  dirty^  and  haTing  a  large  proportion  of  stones  in  it. 
No  Foraminifera. 
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Fig.  7. — Diagram  at  north-east  side  of  Alexandra  Quarry,  showing  dome-like 

arrangement  of  sand  and  gravel  beneath  Boulder-clay. 

(Length  (H)  to  60  yards ;  height  about  60  feet.) 

NoTS. — Maoh  of  the  middle  series  oonsiBts  of  fine  plastic  reddish- 
yellow  day  or  silt  withoat  stones,  the  kind  of  material  common  in 
the  stratified  drifts  of  the  Isle  of  Man.  Shell  fragments  rather 
plentiful  in  the  gravelly  streaks,  but  none  seen  in  the  clay  or  sand. 

F.S. — For  the  sake  of  those  interested  in  the  drifts  of  Moel 
Tryfaen,  it  may  be  mentioned  that  oopies  of  the  photographs  alluded 
to  in  this  Bepprt  may  be  seen  in  the  collection  belonging  to  the^ 
British  Association  (at  Jermyn  Street  Library) ;  and  of  the  more 
important  of  them  also  at  the  Museums  of  Science  and  Art  in 
Edinburgh  and  Dublin.  Oopies  have  also  been  sent  to  Chicago  and 
Ottawa.— KG. 
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I^  E  V  I  E  "W  s. 


I.  —  An  Estimate  of  the  Geological  Age  of  the  Earth. 
By  J.  JoLY,  M.A.,  B.A.I.,  D.Sa,  F.R.S.,  F.Q.S.,  M.E.I.A., 
Hon.  See.  Koj.  Dablin  Soo.,  Professor  of  Geology  and  Mineralogy 
in  the  University  of  Dablin.  Soientific  Transactions  of  the 
Koyal  Dublin  Society,  ser.  ii,  vol  vii  (1899) ;  4to,  pp.  44. 

fTlHE  paper  consists  of  an  introdnction  and  these  nine  sections  : — 

I.  The  estimate  of  geological  time. 
II.  llie  original  condition  of  the  ocean. 

III.  The  supply  of  sodium  by  the  rivers. 

IV.  The  saline  deposits. 

V.  The  alkalies  of  the  rocks. 

VI.  The  potash  of  the  rivers. 
VII.  Uniformity  of  denudation  by  solution. 

VIII.  The  alkalies  of  sediments,  and  the  geological  age  of  the  latter. 
IX.  The  solvent  denudation  of  the  ocean. 
And  two  appendices. 

Appendix  1  is  generally  usefuL  It  contains  a  list  of  numerical 
-quantities  adopted  in  the  calculations.  Appendix  2  is  a  list  of 
sources  of  error  which  may  modify  the  conclusions. 

The  matters  treated  of  in  the  nine  sections  are  epitomized  in  the 
introduction. 

The  first  point  argued  is,  that  so  muqh  of  the  removal  of  the 
land  surface  as  is  due  to  solution  may  be  accepted  as  a  uniformitarian 
process;  and  this  being  granted,  if  we  take  the  one  element  of 
sodium,  which  is  dissolved  out  of  the  rocks  and  enters  the  ocean 
through  river  discharge,  and  if  we  assume  that  there  was  no  sodium 
in  the  primsdval  ocean,  the  amount  of  sodium  in  the  ocean  divided 
by  the  amount  annually  brought  down  by  rivers  will  give  the 
length  of  time  during  which  the  accumulation  has  been  going  on, 
and  will  be  a  measure  of  the  age  of  the  world. 

Professor  Joly  claims  that  the  amount  of  sodium  in  the  ocean 
agrees  very  well  with  that  which  must  have  been  lost  by  the 
crystalline  rocks  in  the  process  of  their  being  converted  into  the 
existing  volume,  as  usually  estimated,  of  the  sedimentaries.  This 
would  decidedly  support  his  view  that  the  sodium  of  the  ocean 
has  been  derived  from  the  crystalline  rocks,  and  that  the  primitive 
ocean  was  devoid  of  that  element 

I.  The  data  upon  which  the  calculations  are  made  are  as  follows : 
"**  The  absolute  masses  of  the  ingredients  of  the  ocean  "  are  : 

Tom. 

Sodium  GUoride         36,990  x  10>'. 

Magnesium  chloride 5,034  x  10^*. 

Xagnesium  sulphate ...  .2,192  x  10^*. 

lime  sulphate 1,666  x  10^'. 

Potassium  sulphate 1,141  x  10*'. 

Magnesium  bromide  ...        ...        ...  100  x  10^*. 

Lime  bicarbonate       160  x  10^'. 
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"Of  tbe  Bodium  obloride * 39*32  per  cent,  is  sodium.  In  the  sea, 
there  is  therefore  a  mass  of  sodium  amounting  to  14,151  x  10"  tons.**^ 

The  materials  in  tons  per  cubio  mile  of  nineteen  of  the  principal 
rivers  of  the  world  (after  Sir  J.  Murray)  are  next  given,  and  from 
these  it  is  calculated  that  they  contain  24,106  tons  of  sodium  per 
eubio  mile.  "  The  total  volume  [of  water]  discharged  by  the  rivers 
tiito  the  ocean  is  6,524  cubic  miles  per  annum." 

The  mass  of  sodium  in  the  ocean  divided  by  the  mass  annually 
brought  down  by  the  rivers  gives  the  length  of  time  in  which,  at 
the  present  rate,  the  mass  in  the  ocean  can  have  accumulated.  The 
resnlt  is  89,565,000  years.  But  Professor  Joly  prefers  to  nse 
a  later  estimate  of  the  volume  of  the  ocean,  which  would  lengthen 
the  **  period  of  geological  denudation  to  94,800,000  years  nearly." 

The  foregoing  gives  the  pith  of  Professor  Joly*s  very  ingenious 
theory  of  the  age  of  the  earth.  The  remaining  sections  are  subsidiary 
to  it,  and  are  apparently  intended  to  meet  possible  objections,  and 
to  render  the  first  estimate  more  accurate. 

IL  **  On  the  Original  Condition  of  the  Ocean."  This  is  a  necessary 
inquiry ;  for  unless  it  can  be  premised  that  there  was  no  sodium  in 
it»  the  argument  clearly  fails,  and  the  earth's  age  will  be  pro- 
portionately shorter  by  an  unknown  amount.  The  author  assumes 
that  the  earth  was  once  molten,  and  considers  that,  upon  cooling, 
"  the  upper  part  of  what  is  now  the  earth's  crust  must  have  contained 
as  silicates,  in  the  form  of  slag,  lava,  or  rock,  the  alkaline  earths 
now  appearing  chiefly  as  carbonates,  the  alkalies  now  distributed 
between  the  salts  of  the  sea  and  the  alkali  silicates  of  the  rocks, 
along  with  iron  and  alumina.  The  early  hydrosphere  must  for 
want  of  other  known  alternative  be  supposed  to  have  contained 
a  quantity  of  hydrochloric  acid,  roughly  represented  by  the  chlorine 
now  in  the  ocean." 

We  next  find  speculations  as  to  the  sequence  of  events  preceding 
and  following  the  first,  condensation  of  water  on  the  surface ;  and 
it  is  considered  improbable  that  a  uniform  ocean  ever  covered  the 
entire  globe ;  and  the  author  inclines  to  the  opinion  that  the  sub- 
oceanic  crust  is  more  dense  than  the  continental,  and  that  ocean 
basins  have  been  permanent  This  part  of  the  essay  is  of  much 
interest,  but  does  not  very  closely  concern  the  main  question  of  the 
age  of  the  earth. 

We  have  here  quoted  an  important  analysis  by  Mr.  F.  W.  Clarke 
(Boll.  D.S.A.  Geol.  Surv.,  1897),  "  which  may  fairly  represent  the 
composition  of  the  older  crust  of  the  earth." 


8iO, 

...    69-77 

NajO 

...       3-61 

AljOa 

...     15-38 

H,0 

...       1-61 

Fe,0, 

...      2--66 

TiOa 

...       0-53 

FeO 

...      3-44 

PaOj 

...       0-21 

CsO   ... 

...      4-81 

MgO 

...      4-40 

99-14 

K,0 

...      2-83 

"  Such  a  rock,  or  lava,  attacked  by  a  heated  solution  of  hydro* 
chloric  acid,  must  ultimately  yield  its  iron,  calcium,  magnesium, 
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potash,  and  soda  as  chlorides.    The  atomio  percentages  of  Clarke's 
average  are  given  by  himself  as  follows : — 

Iron 4*71  \ 

Galdnm        ...  8*63  take   up 

Magneamn  ...  2*64  *  nniti   of 

Potasdnm     ...  2*85  chlorine 

Sodium         ...  2-68"  , 

Having  given  the  composition  of  the  crust,  the  author  next 
oonsiders  how  the  chlorine  of  the  heated  hydrochloric  acid,  whidi 
he  supposes  then  to  have  been  in  the  ocean,  would  have  been 
distributed  among  the  bases. 

It  is  evident  that  any  sodium  which  was  obtained  by  rock  solution 
from  the  floor  of  the  primieval  ocean  must  be  deducted  from  that 
«upplied  by  the  rivers,  otherwise  the  age  of  the  world  will  be 
reckoned  too  long.  Professor  Joly  proposes  to  estimate  the  former 
by  considering  the  chlorine  in  the  ocean.  Of  whatever  chlorine 
there  was  in  the  primitive  ocean  the  sodium  would  take  14  per  cent 
{reckoning  from  the  proportion  of  sodium  to  the  other  bases  in  the 
crust).  But  some  chlorine  is  also  supplied  by  the  rivers,  and  by  rain 
upon  the  land.  He  allows  for  this  at  a  guess  10  per  cent  Deducting 
this,  the  total  supply  by  rivers  is  97'8  x  10*  tons  of  sodium  chloride 
per  annum.  There  are  other  chlorides  (lithium  16  x  10*,  ammonium 
6-5  X  10*)  in  the  rivers.  Thus  we  find  76  x  10*  tons  of  chlorine 
discharged  into  the  ocean  annually  by  rivers. 

''  If  we  assume  that  the  final  result  as  to  the  duration  of  denuda- 
tion will  not  be  far  from  86  x  10*  years,  we  arrive  at  a  total 
deduction  of  6,536  x  10^'  tons  [of  chlorine^  as  a  correction  on  the 
amount  of  chlorine  contained  [at  present]  in  the  sodium  chloride  of 
the  ocean."  This,  however,  seems  to  j^ostuiaie  the  period  of  86  x  10* 
years,  which  is  the  thing  to  be  found.    The  calculation  will  be-^ 

Tons. 

Cblorinein  the  sod.  dil.  now  in  the  ocean ...    24,156  x  10^ 

Chlorine  in  the  mag.  chL  now  in  the  ocean 4,161  x  10" 

28,816  X  10" 
Deduct  chlorine  introdnoed  by  riyen  in  86  x  10*7earB     ...      6,636  x  10" 

2l,78e  X  10" 

"The  result  is  21,780  x  10»  tons"  of  chlorine  in  the  original 
ocean.  Of  this,  14  per  cent,  will  have  been  combined  with  eodium 
as  already  explained,  the  remainder  combining  with  the  other  bases 
of  the  magma.  This  gives  1,972  x  10"  tons  of  sodium  in  the 
original  ocean.    Hence  we  have — 

Tons  of  sodium  in  the  present  ocean 16,627  x  10" 

Tons  of  sodium  in  the  original  ocean 1,972  x  10" 

Difference  giyen  as  brought  in  by  riyers       13,666  x  10" 

This,  divided  by  the  annual  supply  of  sodium  by  rivers,  viz. 
15,724  X  10^  tons,  gives  as  a  final  result  86*8  X  10*  years  for  the  age 
of  the  world. 

III.  In  this  section  some  slight  modifications  of  the  supply  of 
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flodinm  by  rirers  to  tbe  ooean  are  considered.  The  estimate  of 
89*3  millions  of  years  is  finally  arrived  at  as  <'  based  on  tbe  most 
oomplete  estimates  of  probabilities." 

IV .  We  next  baTe  a  short  geologioal  disoussion  on  the  origin  of 
beds  of  rook  salt ;  but  the  author  ooncludes  that  these  bave  scarcely 
«Dy  bearing  open  his  theory. 

y.  In  this  section  the  rates  of  percentages  of  soda  and  potasb  in 
igneous  and  sedimentary  rocks  respectively  are  considered.  Seeing 
tbat  the  sedimentaries  have  been  ultimately  derived  from  the  igneous, 
the  difference  needs  to  be  accounted  for.  The  difference  is  con- 
siderable; for  while  in  the  igneons  tbe  percentages  are  of  potash 
2*83  and  of  soda  3*61,  in  the  sedimentaries  they  are  of  potash  249 
«nd  of  soda  1*47.  "  If  now  tbe  inference  is  right  tbat  the  missing 
ttlkalies  [ie.  the  deficiency  of  soda  in  tbe  sedimentaries]  were 
supj^lied  to  the  ooean,  we  should  expect  to  find,  on  a  rough  approxi- 
mation of  the  bulk  of  sedimentaries,  and  hence  of  the  original  rocks 
giving  rise  to  them,  that  such  a  mass  of  parent  rock  woald  be 
adequate  to  supply  the  sodium  in  the  ocean."  This  the  author  claims 
to  be  the  case,  allowing  for  the  sodium  retained  in  beds  of  rock  salt 
The  weight  of  this  argument  clearly  depends  upon  what  reliance  we 
con  place  upon  the  estimate  of  the  bulk  of  the  sedimentaries,  whicb 
is  taken  from  Mr.  Mellard  Reade.^  Professor  Joly  accepts  his 
estimate  of  a  layer  2  miles  thick  over  the  land  area,  which  on 
deducting  the  calcareous  rocks  is  reduced  to  1*6  miles.  This,  how- 
ever, is  reduced  still  further  by  a  course  of  somewhat  complicated 
reasoning  to  1*1  miles,  and  the  conclusion,  accentuated  by  italics,  is 
thus  stated : — 

"  Henee  it  appears  that,  if  a  thichnees  of  Vl  mile  of  roch  spread 
ifver  ike  land  area  represent  the  hulk  of  the  entire  detrital  siliceous 
seiiw^emtary  rockSf  inclusive  of  submarine  detritus,  and  this  eonstituies 
67  per  cent,  of  the  entire  sedimentaries  of  the  earth,  including  matter  in 
solution  in  the  sea,  the  sodium  contained  in  the  sea,  added  to  what  is  left 
<ner  in  the  detrital  sediments,  ioould  suffice  to  restore  to  the  entire  mass 
a  soda  peroentage  almost  equal  to  that  in  the  eruptive,  igneous,  and 
crystalline  roehs ;  tbe  deficiency,  about  0*4  per  cent,  exists  partly  in 
rook-salt  deposits." 

The  bearing  of  tbis  section  upon  the  general  argument  is,  that 
tiie  sodium  in  tbe  ooean  may  be  regarded  as  having  been  all  of  it 
derived  from  the  original  rock  magma. 

VL  The  ratio  of  potash  to  soda  in  tbe  ocean  is  1  to  31  nearly, 
whereas  in  the  river  discbarge  it  is  1  to  2*8,  that  is,  there  is  about 
eleven  times  as  much  potash  compared  to  soda  in  the  rivers  as  there 
is  in  the  ocean.  It  is  therefore  clear  that  at  this  rate  the  present  ratio 
of  these  alkalies  in  the  ooean  could  not  have  been  contributed  by  the 
rivers.  "  We  must  then  suppose  tbat  the  rivers  are  now  supplying 
more  potash  relatively  to  soda  than  formerly ;  or  that  some  process 
of  abstraction  of  the  potash  from  tbe  ocean  is  in  continual  progress." 
The  author  comes  to  the  conclusion  that  there  is  no  reason  to 
suppose  that  the  ratio  of  the  alkalies  in  the  river  supply  differed  in 

>  Geol.  Mao.,  Dec.  IH,  Vol.  X  (1893),  p.  97. 
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times  past  from  what  it  is  now,  but  attributes  the  deficiency  of 
potash  in  the  ocean  to  a  continual  abstraction  of  that  alkali  in 
deposits  which  have  always  been,  and  still  are,  going  on  upon  the^ 
sea  bottom,  especially  in  the  form  of  glauconite.  Moreover,  while 
the  soda  brought  by  rain  from  the  ocean  is  returned  to  it  again, 
much  of  the  potash  is  retained  by  vegetation,  and  finally  deposited  in 
the  strata. 

[Is  it  certain,  however,  that  the  primaeval  ocean  did  not  contaii> 
fa  ?  If  it  did,  the  excess  would  be  at  once  explained,] 
YII.  The  uniformity  of  denudation  by  solution  throughout 
geological  time  is  a  first  requisite  of  Professor  Joly's  calculation. 
The  objection  which  would  be  probably  made  is,  that  the  sodium 
supply  by  rivers  will  have  been  greater  in  early  times.  To  meet 
this  he  first  argues  for  a  nearly  equable  distribution  of  land  and  sea 
all  along,  so  that  there  would  not  have  been  formerly  much  larger 
areas  exposed  to  denuding  agency  than  now.  This  portion  of  the 
present  section  is  very  interesting  from  a  geological  point  of  view, 
and  is  well  reasoned.  No  claim  is  made  to  settle  definitely  the 
ratios  of  rainfall  during  successive  epochs. 

In  the  next  place  the  author  meets  the  possible  objection,  that 
it  might  be  thought  that  formerly  greater  areas  of  the  land  surfaces 
were  occupied  by  crystalline  rocks,  which,  containing  a  larger 
percentage  of  sodium  than  the  sedimentaries,  would  have  supplied 
that  element  at  a  quicker  rate.  In  later  times  the  sedimentaries^ 
would  occupy  a  larger  proportion  of  the  exposed  surface,  but  the 
balance  of  supply  would,  he  thinks,  be  rectified  by  the  greater  ease 
with  which  the  sedimentaries,  aided  by  disintegration  into  soils, 
yield  up  the  alkalies  they  contain. 

YIII.  In  this  section  ''a  very  interesting  but  difficult  line  of 
enquiry  is  suggested  in  the  probable  facts  of  geological  denudation  " 
referred  to  in  the  previous  section.  The  object  in  view  appears  te 
be  to  support  the  theory  of  uniformity  of  sodium  supply. 

IX.  By  ''the  solvent  denudation  of  the  ocean"  is  meant  its 
action  upon  the  coastlines.  This  is  believed  by  the  author  to  be 
small  compared  with  what  goes  on  upon  land  surfaces.  Moreover,^ 
experiment  has  shown  that  sea- water  has  little  effect  in  decomposing 
felspars,  and  similarly  the  volcanic  products  which  are  so  abundant  in 
deep-sea  deposits  have  the  alkali  ratio  of  igneous,  not  of  sedimentary 
rocks — "  a  plain  proof  that  the  waters  of  the  ocean  do  not  affect 
them  as  would  terrestrial  rain  and  rivers.**  The  correction  on  the 
world's  age  on  account  of  the  solvent  denudation  of  the  ocean  will 
be  sufficient  if  half  a  million  years  is  allowed.  The  final  conclusion 
is  that  "  our  present  knowledge  of  aolvent'denudation  of  the  earth^s 
surface  points  to  a  period  of  between  eighty  and  ninety  miUiom  of 
years  having  elapsed  since  water  condensed  upon  the  earth,  and  rain 
and  rivers  and  the  actions  continually  progressing  in  the  soils  began 
to  supply  the  ocean  with  materials  dissolved  from  the  rocks." 

As  Major  Dutton  has  somewhere  remarked,  ''If  we  enquire  of 
Mother  Earth   her  age  her  face  is  the  face  of  a  sphinx."    Has 
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ProfesBor  Joly  read  her  riddle  aright?  The  suggestion  of  some 
oriticisxns  may  be  excased. 

In  the  first  place,  it  does  not  appear  safe  to  take  the  intensities  of 
actions  now  going  on  as  a  measure  of  those  in  past  ages,  because  the 
earth  has  been  losing  energy  ;  and,  as  Professor  Darwin  has  pointed 
out  in  his  book  on  '*  The  Tides,"  meteorological  agencies  must  have 
formerly  been  more  powerful  than  they  are  now.  In  the  writer's 
opinion,  in  dealing  with  events  of  long  past  ages  the  interaction  of 
the  moon  upon  the  earth  ought  not  to  be  lost  sight  of.  This  is 
inversely  proportional  to  the  cube  of  her  distance,  which  distance 
was  once  much  less  than  it  is  now,  if,  indeed,  the  moon  wc^  not 
once  a  portion  of  the  earth  suddenly  detached.  If  such  was  the  case, 
the  primsBval  condition  of  the  earth's  surface  may  have  been  pro* 
foundly  modified  by  the  stupendous  event 

The  assumption  made  that  the  primitive  ocean  did  not  contain 
alkalies  appears  to  require  that  the  alumina  in  the  original  magma 
was  exactly  proportioned  to  the  alkalies,  so  that  when  the  felspathic 
minerals  were  formed  there  was  neither  alumina  left  nor  alkalies,  a^ 
there  certainly  was  silica  in  abundance,  still  uncombined.  If  this 
proportion  did  not  hold,  there  would  have  been  either  alumina 
unoombined  in  the  crystalline  rocks,  or  alkalies  over  to  combine 
with  the  acids  in  the  ocean — presumably  the  latter,  seeing  that 
alkaline  salts  abound  in  it  at  present.  That  this  due  proportion 
should  have  existed  does  not  seem  probable.  If  there  was  soda  in 
the  primaeval  ocean,  that  would  shorten  Professor  Joly's  estimate  of 
the  earth's  age. 

The  various  sodium  salts  in  the  rivers  are  in  the  proportion  of 
sulphate  82,  nitrate  27,  chloride  17,  nearly.  The  decomposition  of 
iron  sulphide  would  supply  the  sulphuric  acid.  Bacteria  in  the 
soils  would  supply  the  nitric.  But  whence  came  the  chlorine? 
The  amount  of  0*01  per  cent,  stated  to  occur  in  crystalline  rocks 
seems  insufficient  Sodium  occurs  as  carbonate  rather  abundantly 
in  some  rivers  and  artesian  wells,  which,  Sterry  Hunt  remarks,  ''has 
its  source  in  the  decomposition  of  felspathic  minerals."^  This  shows 
that 'the  direct  product  of  these  rocks  is  the  carbonate  rather  than 
the  chloride.  Is  it  not  probable  that  the  chlorides  of  sodium,  and  to 
a  small  extent  of  lithium,  are  derived  from  sedimentary  rather  than 
from  crystalline  rocks;  not  from  the  decomposition  of  these  rocks, 
but  from  what  Sterry  Hunt  cidls  the  ''  fossil  «ea  water  still  to  be 
found  imprisoned  in  the  pores  of  the  older  stratified  rocks," '  and 
presumably  in  the  younger  as  well  ? 

This  idea  bad  occurred  to  the  writer  before  referring  to  Sterry 
Hunt's  book,  and  he  had  already  begun  to  examine  a  specimen  of 
the  Silurian-  rock  (Wenlock  shale)  obtained  from  the  depth  of 
880  feet  in  the  New  River  Company's  borehole  at  Ware ;  for  it 
seemed  probable  that  this  rock  has  never  yet  been  exposed  to 
atmospherio  influences,  so  that  it  would  contain  all  the  salts  which 
were  present  in  the  mud  of  the  very  early  ocean  from  which  it  waa 

^  "  Chemical  and  Geolo^cal  Essays,"  p.  85. 
•Ibid.,  p.  41. 

DBCADB  ir. — TOL.   TTI.— XO.   III.  0 
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consolidated.  And  it  is  distinctly  salt  to  the  iaste.  On  Bubmittmg 
a  fragment  of  this  rook  for  examination  to  Mr.  Purvis,  of  ihe 
Cambridge  University  ohemieal  laboratory,  he  found  that  it  contained 
0*568  of  soluble  matter,  of  which  0042  per  cent  consisted  of  chlorine 
calculated  to  sodium  cUoride.  If  ow  the  specific  gravity  of  this  rook 
is  2*59.  Consequently,  since  a  cubic  foot  of  water  weighs  1,000 
ounces,  there  are  1*08  ounces  of  chlorides  in  a  cubic  Toot  of  the  rook 
and  2*27  ounces  of  other  soluble  salts.  In  like  manner  a  piece  of 
Devonian  shale  from  Meux  Brewery  in  Tottenham  Court  Eoad  at 
the  depth  of  1,070  feet  was  found  to  yield  1*11  per  cent,  soluble  m 
water,  but  the  amount  of  chlorine  was  too  small  to  determine. 

It  is  interesting  to  compare  these  old  rocks  with  such  as  we  might 
suppose  would  now  be  forming.  Accordingly  it  was  found  upon 
squeezing  dry  some  mud  from  Southampton  Water  that  the  matter 
soluble  in  water  was  0-495  per  oent,  and  of  ^  cblorine  calculated  to 
sodium  chloride  0*074  per  oent."  This  mud  was  derived  from 
Middle  Bracklesbam  sands,  and  yielded  a  soft  sandstone  rook  when 
consolidated  in  a  hydraulic  press. 

Borne  mud  from  the  Fleet  near  Weymouth,  when  treated  in  tbe 
same  manner,  yielded  0*9  per  oent  of  soluble  matter,  of  which 
chlorine  calculated  to  sodium  chloride  gave  0*29  per  oent 

It  is  remarkable  that  the  total  amount  soluble  in  these  bypothetioal 
recent  rocks  is  closely  analogous  to  that  in  the  ancient  rooks 
examined,  and  also  that  the  proportion  of  sodium  chloride  in  both 
cases  is  comparatively  small ;  whereas  in  sea- water  it  is  very  much 
greater  than  that  of  any  other  salt  Mr.  Purvis  adds :  ''This  pressed 
mud  also  contains  probably  mixed  sulphates,  such  as  magnesium 
sulphate,  sodium  sulphate,  potassium  sulphate,  and  calcium  sulphate.^' 
It  is  natural  to  conclude  that  the  decomposition  of  iron  sulphide  in 
the  original  sands  may  have  converted  much  of  the  chloride  into 
sulphate.  Sulphuric  acid  is  also  a  product  of  the  combustion  of 
coal,  which  would  account  for  the  presence  of  a  certain  amount  in 
localities  like  those  from  which  these  muds  were  obtained.  But 
the  point  of  interest  is  the  probable  substitution  of  sulphates  for 
chlorides,  from  whatever  source  the  acid  may  have  come.  This 
consideration  shows  that  there  may  have  been  originally  more  sea 
salt  in  a  sedimentary  rook  than  is  indicated  by  the  quantity  of 
sodium  chloride  it  now  contains. 

Another  point  to  be  noticed  is,  that  the  amount  of  salts  in  the 
ancient  rocks  being  so  near  that  in  rocks  now  presumably  being 
deposited,  shows  that  the  ocean  was  about  as  salt  then  as  it  is  now, 
and  consequently  not  much  additional  sodium  can  have  accumulated 
in  it  during  the  long  ages  since  Silurian  times. 

In  the  18th  annual  report  of  the  n.S.A.  Geological  Survey' 
upwards  of  sixty  analyses  of  well  waters  are  recorded  in  Indiana 
and  Ohio.  In  the  artesian  wells  sodium  chloride  is  very  abundant, 
to  the  amount  of  1,000  to  3,000  grains  to  the  n.B.A.  gallon.  These 
waters  appear  to  be  found  in  sedimentary  rooks.   In  the  19th  report' 


1  1896-7,  pt.  IT,  p.  500. 

2  1897-8,  p.  650,  **  Book  Waters  of  Oh'o." 
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-we  read :  "  Water  from  a  greater  depth  [not  specified]  holds  dissolved 
•chlorides  as  -well.  Chloride  of  sodium  is  by  far  the  most  common, 
but  chlorides  of  magnesium  and  calcium  are  often  added.  Such 
waters  are  usually  called  saline.  The  presence  of  chlorides  is 
seldom  shown  in  Mraters  at  less  than  KKtfeet  in  depth.  .  .  ."  **  It 
is  very  rare  that  the  drill  descends  to  300  feet  without  encountering 
saline  water."    These  waters  are  from  Silurian  beds. 

The  conclusion  to  be  drawn  from  these  remarks  is,  that  some 
of  the  sodium  found  in  river  waters  may  probably  be  derived  from 
the  "  fossil  waters  "  of  old  sea  muds,  and  if  that  is  the  case,  it  is  in 
•circulation  from  the  ocean  to  the  stratified  rocks  and  back  again. 
No  doubt  much  sodium  may  find  its  way  into  rivers  immediately 
from  the  felspar  of  rocks,  but  we  are  not  justified  in  crediting  all  the 
sodium  conveyed  to  the  ocean  as  having  been  supplied  de  novo  in 
that  manner.  This  consideration  would  lengthen  Professor  Joly's 
estimate  of  the  world's  age  by  an  unknown  period. 

An  enquiry  not  without  interest  may  be  made  as  follows: — 
Supposing  the  whole  of  the  land  area  to  consist  of  granite ;  for  how 
many  years  would  a  foot  thickness  of  the  land  supply  the  sodium  as 
•carried  down  by  the  rivers  at  the  present  rate  ?  Mr.  Merrill's  book 
supplies  the  data  to  answer  this  question.^  He  describes  a  section 
^here  solid  granite  occurs  at  the  bottom,  and,  after  passing  through 
an  intermediate  stage  of  weathering,  is  disintegrated  into  sand  at 
the  surfEUje.  It  appears  legitimate  to  assume  tiiat  this  process  of 
disintegration  keeps  pace  with  the  denudation  of  the  surface.  Mr. 
Merrill  says  that  the  solid  granite,  in  the  process  of  disintegration 
into  the  residual  sand,  loses  28-62  per  cent,  of  its  soda.  Now  the 
weight  of  the  sodium  is  the  weight  of  the  soda  minus  the  weight  of 
the  combined  oxygen,  so  that  it  will  be  23/31  the  weight  of  the 
soda.  Also  he  tells  ns  that  the  weight  of  the  soda  is  2*68  per  cent 
of  the  solid  granite ;  and  according  to  Mallet  a  cubic  foot  of  granite 
weighs  198*34  pounds. 

With  these  data  it  appears  that  the  weight  of  the  sodium  in 
a  cubic  foot  of  granite  is  0-00047029  of  a  ton. 

Accepting  Professor  Joly's  figures,  the  land  area  in  square  feet 
will  be  66,814,000  x  (6,280)*,  which  gives  us  the  volume  of  a  layer 
41  foot  thick  covering  the  land  area ;  also  the  weight  of  the  sodium 
annually  discharged  by  the  rivers  is  167,267,644  tons.  Dividing  this 
by  the  volume  of  the  one  foot  layer  multiplied  by  the  weight  of 
sodium  in  a  cubic  foot,  we  get  1/6000  of  a  foot  of  granite  as 
oompetent  to  supply  the  sodium  of  the  rivers  in  the  annual  process 
of  disintegration. 

We  may  hence  conclude  that,  if  the  land  area  consisted  of 
granite,  the  rate  of  denudation  would  be  one  foot  in  6,000  years. 
Sir  A.  Geikie,  in  his  "  Text  Book  of  Geology  "  (p.  444),  aooepto 
one  foot  in  6,000  years  as  a  probable  mean  for  the  rate  of  denudation. 
It  is  certainly  remarkable  that  the  result  we  have  obtained  comes 
near  this.  But  when  we  remember  that  but  a  small  portion  of  the 
land  surface  consists  of  crystalline  rocks,  and  that  the  mean 
1  **  On  Rocks  and  Rock  Weathering,"  p.  209. 
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percentage  of  soda  in  sedimentary  rooks  is  only  1*47  (p.  44),  it  i» 
obvious  that  a  muoh  higher  rate  of  denudation- would  be  required 
to  yield  annually  by  deooraposition  of  such  rocks  the  amount  of 
sodium  carried  down  by  the  rivers.  The  conclusion  will  he  that, 
if  one  foot  denuded  in  6,009  years  is  near  the  truth,  the  sodium  in 
the  rivers  must  have  some  further  source  than  the  soda  which  forms 
a  mineral  constituent  of  the  surface  rocks,  and  that  this  additional 
soda  is  probably  derived,  as  already  suggested,  from  ''  fossil "  sea- 
water.  Ought  not  also  some  allowance  to  be  made  for  the  soda 
introduced  into  rivers  by  human  agency  ? 

The  style  of  the  paper  leaves  here  and  there  a  little  to  be  desired 
in  respect  of  clearness;  for  instance  (p.  47),  <*  We  can  apply  to  the  mean 
analysis  of  the  sedimentaries  on  the  one  hand,  and  to  that  of  the  original 
crust  on  the  other,  to  arrive  at  a  rough  estimate  of  the  loss  of  entire 
rock  by  solution  in  the  process  of  formation  of  the  former."  Again 
(p.  46),  <'  We  accept  one  mile  deep  of  these  [detrital  sediments]  on 
the  land,  and  confining  ourselves  to  purely  detrital  siliceous 
sediments,  assume  that  as  much  as  10  per  cent  of  what  is  on  the 
land  is  in  the  sea  [!],  or  say  a  total  of  1*1  mile  deep  over  the 
land  area.'* 

In  this  important  essay  Professor  Joly  has  opened  up  an  entirely 
new  line  for  the  investigation  of  geological  time.  It  is  too  soon  to 
pronounce  whether  his  numerical  estimate  is  fully  to  be  relied  upon, 
until  it  has  been  a  little  while  before  the  scientific  world.  His 
period  of  between  80  and  90  million  years  will  perhaps  satisfy 
geologists  as  being  sufficient.  The  leading  physicists,  on  the  other 
hand,  are  disposed  to  grant  us  a  good  deal  less  time. 

0.   FiSHBIL 
HaRLTON,   CAMBRIDaiL 

January  22,  1900. 

n. — The  Fauna  op  the  Silurian   of  Podolia. 

Fauna  slluriiskikh  otlozhenit  podorskol  gubemii.  Die  Fauna  der 
Silurischen  Ablagerungen  des  gouvernements  Podolien.  By 
P.  N.  Venyukov  (Wenjukow).  Mater.  Geol.  Russlands,  XIX, 
pp.  21-266,  pis.  i-ix ;  November,  1899. 

PODOLIA,  which  lies  to  the  south-west  of  Kiev,  is  bounded  on 
the  south  by  the  Dniester  and  on  the  west  by  Galicia,  and  is 
drained  by  a  river  beloved  of  every  schoolboy — the  Bug.  The 
Silurian  rocks  are  all  in  the  south-west  of  the  province,  adjoining 
the  similar  formations  of  Qalicia.  The  present  work  by  Professor 
Venyukov  of  Kiev  describes  the  fauna  of  these  rocks,  unfortunately 
for  us,  in  Bussian ;  but  the  broad  results  may  be  gathered  from  the 
short  abstract  in  German,  while  the  new  species,  of  which  there  are 
not  a  few  among  corals,  brachiopods,  molluscs,  and  ostracods,  may  to 
some  extent  be  identified  from  the  plates.  The  Silurian  geologist 
will  certainly  have  to  read  the  abstract,  and  the  specialist  in 
palsdontology  must  get  the  Bussian  descriptions  translated  for  him. 
Here  we  give  only  the  main  conclusions. 
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The  Silurian  rooks  of  Podolia  consist  chiefly  of  limestone,  and 
may  be  divided  into  three  series  {Rorizonte),  each  characterized  by 
a  more  or  less  independent  fauna,  which  developed  and  altered 
during  the  deposition  of  the  series.  The  lowest  series,  which  occurs 
tn  the  south-east  of  the  Silurian  area,  near  Studenitz8^  is  very 
poor  in  corals  and  gasteropods,  but  rich  in  brachiopods,  especially 
Atrypid»  and  LeptaBnidas.  Among  the  characteristic  species  are 
Strophomena  antiquata,  Atrypa  cordata,  A,  imhricata,  A.  Barrandei, 
A,  Thiabef  Pentamerus  linguifer,  and  Olasaia  compressa.  This  is 
correlated  with  the  Wenlock  Shale,  and  with  bed  e  of  LindstrSm's 
Gotland  scale.  The  middle  series  has  a  wider  extent,  and  is  exposed 
along  the  north  bank  of  the  Dniester.  It  is  very  rich  in  corals, 
such  as  Cyathophyllum  articulatum,  Ptychophyllum  truncatum,  BhizO' 
phyllum  gotlandicum,  while  gasteropods  of  the  genera  Oriostoma 
(esp.  O.  discors,  0.  globosum)^  Mnrchisoniaj  and  Fleurotomaria  are 
characteristic  and  abundant.  The  brachiopods  are  represented 
chiefly  by  Bhynchonellidad  and  PentameridaB.  The  series  is  clearly 
capable  of  further  subdivision,  but  in  the  main  is  correlated  with  the 
English  beds  from  Wenlock  Limestone  to  Aymestry,  and  with  d,  e,  f 
of  Gotland.  The  uppermost  series  occurs  towards  the  north  of 
the  area,  near  Dumanov  and  Kamenez-Podolsk.  Brachiopods  pre- 
ponderate, and  among  the  species  may  be  noticed  Spirifer  ThetidiSf 
S,  robusttu,  Bhynchonella  nympha,  B.  Hebe,  and  Atrypa  sublepida. 
There  are  scai'oely  any  mollusca  and  few  trilobites;  but  there  are 
some  ostracods  and  the  characteristic  Uarypterus  Fiacheri  and 
SeaphasptB  ohovaius  (?).  As  local  developments  are  beds  of  crinoid- 
Hmestone,  in  which  Crotaloertnua  rugoana  is  the  only  recognized 
species.  A  similar  occurrence  is  characteristic  of  the  Gotland 
iiorizons  g  and  h,  with  which  this  is  correlated.  Its  English 
representatives  are  the  Upper  Ludlow  and  Passage  Beds. 

It  is  clear  that  for  the  greater  part  of  Silurian  time  the  Podolian 
area  formed  a  part  of  the  great  northern  basin  in  which  the  rocks  of 
England,  Gotland,  and  North- West  Kussia  were  deposited.  It  was, 
however,  ounnected  with  the  Bohemian  basin,  and  this  connection 
increased  until  in  Lower  Devonian  time  the  Podolian  sea  formed 
a  link  between  Bohemia  and  the  Ural  basin.  F.  A.  B. 


IIL — Bbitbaob  zub  Kbnntniss  dbs  Sibibisohbn  Cambrium.  Yon 
Eduard  von  Toll.  Memoires  de  rAcad6mie  Imp6riale  des 
Sciences  de  St.  Petersbourg.     Serie  viii,  vol.  viii,  No.  10,  1899. 

Contributions  to  a  Enowlbdgb  of  thb  Siberian  Cambrian. 
By  E.  VON  Toll.  4to ;  pp.  iv  -h  57,  with  9  woodcuts  and 
8  plates. 

IN  this  memoir  Baron  von  Toll  records  the  discovery  of  beds  of 
sandstone,  shale,  and  limestone,  with  Cambrian  fossils,  in  several 
localities  in  Eastern  Siberia  widely  separated  from  each  other,  which 
seem  to  indicate  the  existence  in  this  region  of  an  extensive  basin  of 
Cambrian  deposits.  The  rocks  have  previously  been  regarded^ 
owing  to  an  erroneous  determination  of   some  imperfect  fossils, 
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as-  of  Devonian,  Carboniferous,  and  Triassic  age.  The  strata  are 
principally  exposed  in  the  banks  of  the  great  rivers,  and  fossils 
have  been  found  in  the  following  localities :  (1)  Torgoschino,  near 
^rasnojarsk  on  the  Yenesei,  56"^  N.  lat,  93^  E.  long. ;  (2)  on  the 
right  bank  of  the  Vilyui,  63°  N.  lat,  116°  E.  long. ;  (3)  on  the^ 
Olenek,  in  70°  N.  lat.,  120°  E.  long.;  and  (4)  on  the  Lena^ 
between  Oleminsk  and  Yakutsk,  in  64°  N.  lat,  128°  E.  long. 

From  limestones  on  the  Lena  the  author  describes  two  species  of 
Ptyehoparia  related  to  forms  in  the  Olenellus  zone  of  North  America ; 
three  new  species  of  Mierodtacua,  two  of  which  approach  closely  ta 
American  forms ;  Agnoatwt,  sp.n. ;  fragments  of  a  doubtful  Olenellua ; 
Kutorgina  dngulata,  Billings ;  an  Obolella  related  to  0.  chromatica, 
BilL  ;  and  an  undetermined  Hyolithea, 

The  beds  on  the  Olenek  contain  Bathyuriseua  HowelU,  Waloot, 
a  Middle  Cambrian  species  found  originally  in  Nevada ;  Agnoatu» 
€zekanou>akiif  Fr.  Schmidt ;  and  some  worm  tracks.  From  the  Vilyui 
Fr.  Schmidt  has  already  described  Anomocare  Pawlotoakii  and 
Zioatracua  ?  Maydelli, 

From  limestones  at  Torgoschino  on  the  Yenesei  two  species  of 
Trilobites,  Proetua  SlatJcotoakii  and  Cyphaapia  Sibiricay  had  been 
described  by  Fr.  Schmidt :  the  former  of  these  is  now  determined 
by  the  author  to  belong  to  the  Cambrian  genus  Dorypyge,  Dames, 
and  the  latter  with  some  doubt  to  SolenopleurOy  Angelio. 

The  Yenesei  rocks  likewise  contain  numerous  representatives  of 
the  widely  distributed  Cambrian  family  of  the  Archraocyathinas. 
The  author  describes  six  species  of  Archaocyathua,  Bill.,  three  of 
which  are  new,  and  three  considered  to  be  identical  with  species 
from  the  Cambrian  rocks  of  Sardinia.  Of  the  allied  genus  Coadno- 
cyaihuay  Bornemann,  seven  species  common  to  the  Sardinian  rocks 
and  one  ne<ir  are  recognized,  and  there  is  also  a  doubtful  form  of 
jProiopharetra,  Bornemann.  The  Yenesei  examples  of  this  family, 
Uke  those  from  Sardinia,  appear  to  be  enclosed  in  a  very  hard  lime* 
stone,  so  that  they  can  be  studied  only  in  sections;  consequently 
the  recognition  of  specific  characters  is  very  difficulty  and  complete 
identification  of  species,  as  the  author  acknowledges,  is  hardly  to  be 
expected. 

A  new  genus,  Bhahdoeyathua,  is  also  proposed  :  it  agrees,  in  the 
laminate  character  of  the  wall,  with  Spirocyaihua,  Hinde,  but  it 
possesses  neither  septa  nor  dissepiments,  and  the  space  between  the 
inner  and  outer  wall  layers  is  traversed  by  tubes  which  open  on  the 
exterior  surface  as  rows  of  pores.  The  author  considers  that  this 
form  represents  a  simpler  type  of  the  family  than  any  hitherto 
known,  and,  further,  that  it  furnishes  a  clue  to  the  systematic 
position  of  the  group,  which,  as  is  well  known,  is  not  as  yet  by  any 
meana  settled.  The  Archsdocyathinas  have  been  in  turn  referred  to 
siliceous  sponges,  foraminifera,  and  perforate  corals,  but  their 
resting-place  in  any  one  of  these  divisions  has  not  received  the 
geneml  support  of  palasontologists.  Von  Toll  puts  forward  a  fresh 
suggestion,  namely,  that  they  are  possibly  Calcareous  Algse,  whose 
nearest  relations  are  to  be  found  in  the  Tertiary  genus  Acietdariay 
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D'Axohiao,  and  the  exiaiing  Acetabularich  Lamz.  Whatever  may  be 
the  final  oonolosion  reapecting  the  nature  of  the  Arohsdocyathinaa, 
their  signifioance  aa  characteristic  fpsails  of  Cambrian  strata  is 
farther  manifested  by  their  occorrenoe,  in  association  with  Dorypyge, 
in  Eastern  Siberia. 

It  may  be  hoped  that  the  author's  anticipations  of  fresh  dis- 
coveries  of  fossils  in  these  ancient  rocks  in  the  works  for  the  great 
Siberian  railway,  now  in  progress,  will  be  fully  realized. 

G.  J.  H. 


E.EIPORTS     Ji.lSriD     I»I^OOE3E3X)I25rOS, 


QiOLOQiOAL  Society  of  Lomdom. 

L— January  10,  1900.— W.  Whitaker,  B.A.,  P.E.S.,  President,  in 
the  Chair.     The  following  communications  were  read : — 

1.  "  On  a  Particular  Form  of  Surface,  the  Result  of  Glacial  and 
Subaerial  Erosion,  seen  on  Loch  Lochy  and  elsewhere.*'  By 
Dr.  W.  T.  Blanford,  F.B.S.,  Treas.  G.S. 

This  form  of  surface,  first  noticed  by  the  author  on  Lake  Como, 
was  afterwards  observed  in  the  Great  Glen  of  Scotland  and  in 
British  Columbia.  It  consists  of  an  almost  even  plane  sloping  at 
a  moderate  or  high  angle,  and  cut  at  intervals  by  small  ravines  or 
channels.  The  sides  of  the  Great  Glen  have  been  planed  by  glacier- 
action  to  a  greater  extent  than  usual,  and  between  Loch  Lochy  and 
Loch  Oich,  near  Laggan,  the  sides  of  the  Glen  have  a  regular  and 
flat  slope  of  over  35^  up  to  about  1,000  feet  above  sea-level.  Numerous 
stream-cut  channels  draining  down  this  slope  are,  on  an  average,  not 
more  than  10  to  15  feet  deep,  but  some  quite  exceptional  examples 
may  be  50  feet  deep ;  these  channels  occupy  less  than  a  fourth  of 
the  surface.  In  addition  there  are  larger  glens  which,  although 
they  run  out  into  shallow  ravines  where  they  cut  the  sloping 
side  of  the  Great  Glen,  are  frequently  500  feet  in  depth  among  the 
hills.  If  these  were  ordinary  stream-valleys  before  the  Glacial 
Period,  the  cutting  away  of  the  ridges  separating  them  to  the  extent 
of  at  least  250  or  300  feet  must  be  attributed  to  glacial  erosion  on 
the  sides  of  the  Great  Glen.  The  erosion  of  the  small  ravines  in 
the  glacial  slope  must  have  been  effected  by  streams  in  post-Glaoial 
times,  and  the  measurement  of  their  rate  of  erosion  might  be 
expected  to  throw  light  on  the  amount  of  time  which  has  elapsed 
since  the  Glacial  Period  in  this  district  **  The  general  effect  pro- 
duced by  the  whole  evidence  is  ...  .  the  small  amount  of 
denudation  that  has  taken  place  since  the  Great  Ice  Age,  and  the 
necessary  deduction  that  no  great  period  of  time,  measured  in 
years,  can  have  elapsed  between  the  Glacial  Epoch  and  the 
present  day." 

2.  "  On  the  Geology  of  Northern.  Anglesey."  Part  IL  By  C.  A. 
MaUey,  B.Sc.,  F.G.S. 
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The  present  paper  deals  in  the  first  plaoe  with  the  stratigraphy  of 
the  Northern  Complex.  The  following  table  shows  the  suooession  of 
the  rocks  in  descending  order : — 

C.  Thb  Llakdbilo  Strata. 

Feet. 

C<;.  Black  argOlaceons  shales       40;  top  not  seen. 

Ce,  Ironstone,  in  part  oolitic       20 

C^.  Grey  ouartzoee  shales  or  slates,  striped  by  thin,  black  laminaa  150 

Qa,  2.  Pale  conglomerates  and  grits      600 

1.  Red-purple  conglomerate 180 

B.  Thb  Llanbadrio  Sbbibs,  about  1,000  or  1,600  feet;  apparent  order  :— 

B/.  Quartzite. 

B#.  Pebbly  slates. 

B  d.  Slates  with  erit  and  quartzite  bands. 

B  0.  Quartzitee,  snalee,  and  some  limestone  (Porth  Padrig,  etc.). 

B  b.  Limestone  (as  at  Trwyn  y  Pare). 

B  a.  Grits  and  slates,  usually  smashed  to  a  crush -conglomerate. 

A.  Thb  Gbbbk  Sbbibs. 

Greenish  and  bluish  slates  (of  the  Northern  Complex). 

The  rocks  strike  east-souCh-east,  and  dip  usually  at  a  high  angle 
northward ;  a  well-marked  transverse  fault  divides  the  complex 
into  western  and  eastern  portions.  The  Llandeilo  rocks  occupy  four 
strips  of  ground  in  the  west  and  three  in  the  east,  but  the  full 
succession  does  not  occur  in  any  one  of  these  outcrops.  The  effects 
of  compression  are  much  marked  in  the  purple  conglomerate ;  the 
matrix  is  dragged  ont  along  small  shear-planes,  and  the  pebbles  are 
stretched  into  phacoids,  slip-faulted,  and  their  extremities  tailed  out 
A  deceptive  appearance  of  unconformity  is  also  produced  at  the 
junction  of  grits  and  shales.  Fossils  are  found  in  some  of  the 
rocks.  The  Llandeilo  rocks  are  of  importance,  as  they  reveal  the 
existence  of  at  least  four  shattered  synclines,  usually  faulted,  and 
probably  all  overthrust  on  their  northern  boundaries. 

No  fossils  have  been  found  in  the  Llanbadrig  rocks,  and  no  more 
definite  assertion  of  their  age  is  possible  than  that  they  are  pre- 
Llandeilo.  They  are  newer  than,  and  their  base  may  be  con- 
formable with,  the  Green  Series ;  but  as  fragments  almost  certainly 
derived  from  the  latter  series  have  been  found  in  the  highest  zones, 
the  relation  between  the  two  series  is  more  likely  to  be  that  of  an 
unconformity.  The  Llandeilo  rocks  contain  fragments  of  limestone 
and  pieces  of  quartzite;  but  in  spite  of  this  evidence  in  favour 
of  unconformity  between  the  Llanbadrig  and  Llandeilo  rocks,  the 
basal  beds  of  the  latter  are  found  to  cling  closely  to  the  highest 
quartzite  of  the  Llanbadrig  Group. 

The  quartzites  are  remarkable  in  the  fact  that  they  frequently 
contain  patches  of  limestone,  apparently  deposited  with  them,  and 
that  they  vary  rapidly  in  thickness  from  about  30  to  200  feet 
at  Craig  Wen,  where  this  variation  is  correlated  by  an  inverse 
variation  in  the  conglomerate.  Although  earth-movement  may  be 
partly  responsible  for  this  variation,  some  further  explanation 
appears  requisite,  and  this  may  possibly  be  furnished  by  erosion  of 
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<he  qnartzite.    The  overtbrusting  force  appears  to  have  oome  from 
a  direotion  somewhat  east  of  north. 

The  igneous  rocks  are  dealt  with  in  two  groups:  those  older 
and  those  newer  than  the  earth-movement.  To  the  former  belong 
^^nite,  serpentine,  and  its  associates,  and  basaltic  dykes.  In  each 
area  where  they  occur  the  serpentines  are  associated  with  masses 
of  a  peculiar  purple  limestone  not  known  elsewhere;  they  also 
oontain  bands  of  ophicalcite,  and  schistose  structures  are  common 
in  the  rocks.  The  later  dykes  belong  to  an  acid  and  a  basic  set; 
the  latter  show  some  evidence  of  a  minor  movement,  such  as  faulting 
and  a  little  shearing,  llie  acid  dykes  are  microgranites,  granophyres, 
and  quartz-porphyries.  In  some  cases  the  dykes  ai'e  composite, 
the  acid  material  being  the  older  and  the  basic  the  later  constituent. 
As  a  rule,  the  basic  material  invades  the  edge  of  the  dyke;  but 
in  one  case  it  has  invaded  the  joints  and  cracks  and  caught  up 
fragments  of  the  acid  rock. 

3.  "The  Formation  of  Dendrites."  By  A.  Ootavius  Watkins, 
A.R.S.M.,  F.G.S. 

If  two  plane-surfaces  be  separated  by  a  film  of  suitable  plastic 
material,  and  one  surface  be  rotated  slowly  on  the  other  through  a 
small  arc,  the  plastic  material  collects  into  branching  forms  similar 
to  the  structure  of  dendrites.  The  dendritic  form  starts  from  the 
part  farthest  from  the  axis,  and  the  flow  of  material  is  from  the 
smaller  to  the  larger  branches,  the  smaller  uniting  to  forni 
the  larger.  The  author  explains  dendritic  structure  by  the 
formation  of  a  fissure  in  rock  which  becomes  filled  with  a  thin  film 
of  dendritic  material ;  if  the  fissure  is  slowly  widened,  the  dendrite 
starts  where  the  widening  commences,  coinciding  dendrites  being 
formed  on  each  wall,  lliis  theory  is  in  accordance  with  many  of 
the  characters  of  dendrites,  such  as  their  method  of  occurrence,  the 
nature  of  the  material,  and  their  uniformity  in  thickness. 

IL— January  24th,  1900.— W.  Whitaker,  B.A.,  F.R.S.,  President, 
in  the  Chair.    The  following  communications  were  read  : — 

1.  **  Fossils  in  the  University  Museum,  Oxford.  11.  On  two  New 
Oenera  and  Species  of  Crinoidea."  By  W.  J.  Sollas,  M.A.,  D.Sc., 
LL.D.,  F.R.S.,  V.P.G.S.,  Professor  of  Geology  in  the  University 
of  Oxford. 

The  first  genus  and  species  are  founded  on  two  calyces  in  the 
University  Collection  and  three  in  the  British  Museum;  all  the 
specimens  come  from  the  Carboniferous  Limestone.  The  arms  and 
stem  are  at  present  unknown.  The  genus  in  general  character  and 
struotnre  recalls  Plaiycrinua,  but  the  incorporation  of  the  costal 
and  distichal  plates  in  the  calyx  affords  a  very  obvious  distinction. 
The  analysis  of  the  calyx,  however,  suggests  the  MelocrinidsB,  from 
the  members  of  which  it  is  chiefly  distinguished  by  the  comparatively 
•mall  size  of  the  costal  and  distichal  plates.  The  new  genus  is  a 
truly  annectant  form  uniting  the  MelocrinidsB  and  the  PlatycrinidsB, 
and  may  be  indifferently  associated  with  either. 
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The  second  genus  and  speoies  are  founded  on  a  specimen  in  the 
Grindrod  Collection,  obtained  probably  fi*om  the  Silurian  rocks,  but 
from  a  locality  not  known,  possibly  Dudley.  In  general  appearance 
it  resembles  an  elongated  form  of  Fisocrxnus^  particularly  in  its 
calyx,  but  the  arms  are  those  of  a  Heterocrinid.  This  conjunction 
of  characters,  though  rendering  necessary  a  revision  of  the  definition 
of  the  Pisocrinidaa,  cannot  be  regarded  as  bringing  this  family 
appreciably  nearer  to  the  Heterocrinidse,  which  are  fistulate,  while 
the  Fisocrinidas,  so  far  as  known,  are  not. 

2.  "Fossils  in  the  University  Museum,  Oxford.  IIL  A  New 
Worm-track  from  the  Slates  of  Bray  Head,  Ireland ;  with  Observa- 
tions on  the  genus  Oldhamia,*'  By  W.  J.  Sollas,  M.A.,  D.Sa,. 
LL.D.,  F.R.S.,  V.P.G.S.,  Professor  of  Geology  in  the  University 
of  Oxford. 

The  curious  markings  known  as  Oldhamia  have  not  been  hitherto 
recorded  from  other  than  the  lower  Palseozoic  rocks,  although  they 
have  a  wide  distribution  in  space,  being  found  in  Ireland,  in  the 
Ardennes,  in  Brabant,  in  America,  and  possibly  in  Norway.  While 
the  organic  nature  of  Oldhamia  was  scarcely  a  matter  of  doubt  in 
the  minds  of  the  earlier  writers,  there  existed  a  great  diversity  of 
opinion  as  to  its  place  in  the  organic  world,  and  it  was  placed 
by  different  observers  among  polyzoa,  hydrozoa,  and  plants^ 
respectively.  The  microscopical  observations  made  by  the  author 
prove  that  Oldhamia  is  not  the  remains  of  an  organism,  but  merely 
a  marking  in  the  rock,  though  one  which  might  be,  nevertheless, 
of  organic  origin.  Certain  markings  formed  in  the  mud  at  Portishead^ 
by  the  feeding  habits  of  a  small  burrowing  crustacean,  bear  a  con- 
siderable resemblance  to  specimens  of  Oldhamia;  but  a  stronger 
resemblance  to  the  new  species  described  in  this  paper  is  found  in 
Nathorst's  figures  of  the  impressions  made  by  one  of  the  two  recent 
worms  Glycera  alba  or  Oonidia  maeidata.  Professor  Joly's  observation 
that  markings  of  Oldhamia  antiqua  always  occur  in  relief,  while 
those  of  0.  radiata  are  depressions,  might  suggest  that  while  one  set 
of  markings  was  produced  by  the  animal  when  feeding,  the  other 
was  connected  with  its  castings  of  excrementitious  matter.  This 
explanation  is  open,  however,  to  several  objections,  and  the  author 
is  inclined  to  believe  that  these  species  of  Oldhamia  are  the  traces 
of  some  kind  of  siphonaceous  alga :  the  cavities  left  by  their  decay 
were  subsequently  filled  in  by  sediment  under  pressure.  If  the 
upper  surface  of  0.  aniiqua  were  more  resistant  than  the  lower, 
this  might  account  for  its  preservation  in  relief.  The  microscopical 
examination  of  slate  containing  Oldhamia  affords  evidence  of  original 
and  secondary  structures  which  have  an  important  bearing  on  this 
question. 

3.  "  Contributions  to  the  Geology  of  British  East  Africa.  Part  EI : 
The  Geology  of  Mount  Kenya."     By  J.  W.  Gregory,  D.Sc.,  F.G.S. 

The  three  main  zones  of  Kenya  are  characterized  by  different 
geological  features.  The  long  slope  of  the  forest-belt  consists  in 
the  main  of  volcanic  ash,  though  the  remains  of  secondary  parasitic 
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•raters  ocour  in  it  *  The  Alpine  zone  oonsista  of  coarser  ash, 
agglomerates,  and  tuffs,  inter  bedded  with  lava-flows  and  traversed 
hy  numerous  dykes,  with  the  remains  of  some  secondary  centres 
of  eruption.  The  third  zpne,  or  central  peak,  consists  of  the  plu^ 
which  choked  the  oenti*al  vent,  of  beds  of  agglomerate,  and  the  thick 
proximal  ends  of  the  great  lava-flows. 

The  rocks  of  the  central  core  comprise  an  olivine-anorthoclase- 
nepheline -syenite  with  segyrine,  and  a  black  glassy  lava  withi 
numerous  white  phenocrysts  of  anorthoclase ;  this  rook  is  allied  iiv 
some  respects  to  the  pantellerites,  but  receives  a  special  name  botb 
here  and  in  its  oceurrence  in  lava-flows. 

The  dyke-rocks  fall  into  two  categories — a  series  of  phonolites^. 
and  one  of  basalts  and  dolerites.  One,  at  least,  of  the  dykes  is 
compound,  including  both  these  rock-types.  The  basic  group  rangea 
from  basalts  with  Uttle  olivine  to  coarsely  crystalline  dolerite  ricbu 
in  that  mineral. 

The.  lavas  belong  to  three  main  groups:.  (1)  those  of  the^ 
nepheline-syenite  series,  (2)  the  phonolites,  and  (3)  the  basalts^. 
The  oldest  lavas  appear  to  be  the  phonolites,  but  they  and  the 
first  group  of  lavas  seem  to  have  overlapped  in  age ;  the  olivine- 
basaltSy  which  reach  the  surface  from  a  zone  of  secondary  craters 
in  the  Alpine  zone,  are  the  latest  in  date.  The  first  group  of  lavas 
are  rhyolitic  in  aspect,  and  consist  of  a  brown  or  green  glass  in 
which  ore  embedded  phenocrysts  of  anorthoclase,  and  green  needlea 
which  show  the  optical  characters  of  eegyrine.  As  these  rocks  da 
not  conform  to  Rosenbusch's  definition  of  pantellerites,  a  new  name 
is  proposed  for  them ;  the  author  considers  that  the  pantelleritea 
may  be  liparitic  equivalents  of  the  dacites,  while  these  Kenya 
rocks  correspond  with  the  nepheline-syenites.  The  structure  of  the 
phonolites  is  trachytic,  the  groundmass  including  abundant  small, 
lath-shaped  plagioclases ;  nepheline  is  not  very  abundant,  and  ocoura 
in  larger  crystals  than  the  other  constituents,  the  chief  of  which  ia 
asgyrine.  The  basalts  are  often  vesicular  and  columnar,  and  contain 
olivine,  augite,  magnetite,  and  apatite  often  in  a  glassy  groundmass. 

The  pyroclastic  rooks  vary  in  texture  from  coarse  to  fine ;  they 
contain  blocks  of  all  types  of  the  lavas,  and  also  large  crystals  of 
anorthoclase. 

The  nepheline-syenite  is  the  most  deeply-seated,  holocrystalline 
cock  found  on  Kenya;  and  the  mountain  appears  to  represent 
a^  single,  ancient,  disstscted,  volcanic  msiss,  with  a  shorter  geological 
history  and  a  narrower  range  of  rock-types  than  its  great  companion 
volcano,  Kilima  Njaro.  The  author  gives  reasons  for  considering 
that  all  the  different  rock-types  present  may  have  resulted  by 
differentiation  from  the  olivine  -  anorthoclase  -  nepheline  -  syenite 
magma,  although  this  involves  the  conclusion  that  in  some  cases  the 
basic  materials  must  have  concentrated  in  the  glass  and  solidified 
after  the  formation  of  the  felspars. 

4.  •*  Contributions  to  the  Geology  of  Britbh  East  Africa.  Part  Hi : 
Tha  Blsdolite-Syenite  and  Fourchites  intrusive  in  the  Coast  Series.** 
By  J.  W.  Gregory,  D.Sc,  F.G.S. 
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The  rocks  described  in  this  paper  were  ^ven  to  the  author  by 
Mr.  C.  W.  Hobley.  Mount  Zombo,  situated  in  long.  39^  13'  E.  and 
lat.  4^  26'  S ,  and  1,519  feet  high,  is  a  massif  of  coarse-grained 
•elsdolite-syenite,  consisting  of  anorthoclase,  elsaolite,  usually  fdlotno- 
morphic,  and  a^yrine.  The  rock  must  occur  in  the  belt  of  Duruma 
Sandstone,  unless  the  fosslliferons  Jurassic  shales  run  westward  up 
the  low  valley  of  the  Umba  Eiver.  Associated  with  this  massif 
is  a  series  of  dykes  belonging  to  the  olivine-less  variety  of 
monchiquites  known  as  fourchites.  Their  phenocrysts  consist  of 
plagioclase,  probably  oligoclase,  hornblende,  and  segyrine,  but 
augite  and  ilmenite  are  also  present ;  the  groundmass  contains 
z>  certain  amount  of  analcite. 

Unfortunately  there  is  some  doubt  as  to  the  exact  age  of  the 
Duruma  Sandstone  into  which  the  fourchites  are  intrusive.  The 
iiuthor  gives  an  account  pf  the  different  opinions  as  to  the  age  of 
these  rocks ;  the  evidence  at  present  available  is  only  sufficient  to 
prove  that  they  are  post-Carboniferous  and  pre-Oallovian.  The 
sedimentaiy  series  on  the  coast-lands  of  British  East  Africa  and 
Usambara,  in  his  opinion,  may  be  previously  arranged  as  follows : — 

5.  Pleistocene  reefs,  limestones,  aUavium,  and  laterites. 

4.  Jurassic  shales  and  sandstones ;  Kimeridgian,  Oxfordian,  and  Calloyian. 

3.  Possibly  a  pre- Jurassic  part  of  the  Duruma  Sandstone. 

2.  Magarini  sandstones  ;  P  Triassic. 

1.  Sabaki  shales ;  Upper  Carboniferous. 

It  is  therefore  probable  that  the  igneous  rocks  are  not  older  than 
ihe  early  Mesozoic,  and  may  be  Jurassic  or  post-Jurassic. 

III.— February  7,  1900.— W.  Whitaker,  B.A.,  F.R.S.,  President, 
in  the  Chair.     The  following  communications  were  read : — 

1.  "  Foraminifera  from  an  Upper  Cambrian  Horizon  in  the 
Malvems."  By  Frederick  Chapman,  A.L.S.,  F.R.M.S.  (Com- 
municated by  Prof.  T.  T.  Groom,  M.A.,  D.Sc.,  F.G.S.) 

The  foraminifera  described  in  this  paper  were  found  in  a  sbaly 
limestone  which  Professor  Groom  obtained  *'from  the  d6bris  of 
a  small  ridge  composed  of  black  shales,  with  intercalated  basalts, 
which  forms  a  spur  on  the  north-west  side  of  Chase  End  Hill. 
The  rook  belongs  to  the  well-known  and  widely-spread  zone  of 
Spharophihalmva,  Peltura,  and  Ctenopyge,  which  in  Britain  forms 
the  upper  half  of  the  Dolgelly  Beds  or  Upper  lAngida-FlagB."  Th« 
specimens  have  been  sliced,  and  have  yielded  a  few  forms  oUier 
than  Spirillina;  sections  of  echinoderm-spines,  ostracod-tests,  and 
X>ccasionally  sponge-spicules  (?)  are  also  to  be  seen  in  the  slides. 
The  tests  of  the  foraminifera  are  infilled  with  a  crystalline  substance. 

The  following  species  are  mentioned:  Lagena  Urns,  Montagu, 
L.  apictdata,  Heuss,  Z.  ovum,  Ehrenberg,  Nodosaria  pygmaa  (?), 
Terquem,  N.  abnormia  (?),  Beuss,  Marginula  Boluta  (?),  Beuss, 
Cristellaria  acutauriculans  (?)  (Fichtel  &  Moll) ;  and  a  new  species 
-of  Spirillina  is  described.  The  Spirillirud  are  in  a  good  state  of 
preservation ;  and  the  valves  of  mollusca,  cut  through  in  section^  are 
sometimes  seen  to  be  quite  filled  with  the  tests  of  this  geiiu.s. 
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A  reoord  is  given  of  some  of  the  earliest  known  foraminifera, 
including  the  somewhat  doubtful  forms  described  by  Cayeuz  from 
pre-Cambrian  rocks  in  Brittany,  those  by  Ehrenberg  from  the  so- 
called  ^Silurian  Clay'  u«ar  St.  Petersburg,  by  W.  D.  &  G.  F. 
Matthew  from  the  rocks  bearing  the  Pro/oZ«nti«  -  fauna  in  New 
Brunswick,  by  Keeping  from  the  shells  above  the  Bala  Limestone 
near  Wtjlshpool,  by  Blake  from  the  Llandovery  of  Cwm  Symlog, 
by  Brady  from  the  Woolhope  Limestone  of  the  Malverns,  and  by 
Terquem  from  the  Upper  Silurian  rocks  of  Indiana.  The  author 
has  also  frequently  met  with  Lagena  in  the  Wenlock  Limestone  of 
Shropshire. 

2.  *'Bala  Lake  and  the  Eiver- System  of  North  Wales."  By 
Philip  Lake,  M.A.,  F.G.S. 

In  this  paper  the  author  begins  by  showing  that  topographically 
Bala  Lake  belongs  to  the  same  valley  as  the  Biver  Wnion — the 
valley  of  the  Bala  Fault;  and  he  believes  that  the  whole  drainage- 
of  the  valley  flowed  originally  south-westward,  and  entered  the  sea 
near  Barmouth.  ■ 

He  then  examines  the  possible  outlets,  and  shows  that  the  lake 
is  probably  rock-bound  in  all  directions  except  towards  the  south- 
west, where  there  is  no  conclusive  evidence. 

He  describes  the  faults  which  occur  near  the  watershed  that 
separates  the  Wnion  from  the  streams  flowing  into  Bala  Lake, 
pointing  out  that  they  are  closely  related  to  the  form  of  the  valley, 
and  that  the  watershed  coincides  with  a  transverse  line  of  fault 
From  this  he  infers  that  the  formation  of  the  lake  is  possibly  due  to 
earth-movements. 

The  watersheds  of  several  other  similar  valleys  are  examined, 
and  are  shown  to  lie  in  one  straight  line ;  whence  it  is  concluded 
that  they  must  have  been  produced  by  some  general  cause,  probably 
a  slight  differential  movement 

The  general  drainage-system  of  North  Wales  is  next  discussed. 
Attention  is  drawn  to  the  existence  of  a  series  of  long  and  nearly 
parallel  valleys  running  from  north-east  to  south-west,  which  divide 
the  region  more  or  less  completely  into  a  number  of  strips.  The 
drainage  of  each  strip  is  now  independent,  and  flows  in  most  casea 
into  the  long  valley  lying  south  of  it.  But  from  the  fact  that  the 
chief  streams  in  each  strip  have  their  representatives  (flowing  in 
the  same  line)  in  the  adjacent  strips,  it  is  concluded  that  before  the 
formation  of  the  long  valleys  the  streams  were  continuous. 

The  centre  from  which  these  streams  radiate  lies  in  the  high 
ground  near  the  sources  of  the  Conway ;  and  the  author  believes 
that  this  was  the  centre  of  an  original  radial  system  of  drainage,  and 
that  this  radial  system  was  subsequently  broken  up  into  sections  by 
the  formation  of  the  long  valleys  which  now  run  from  north-east  to 
south-west — each  of  these  long  valleys  carrying  away  the  drainage 
of  one  of  the  sections.  He  attributes  the  formation  of  the  long 
valleys  to  faulting. 
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EAILWAY  SKOTIONS  IN  ATESHIEE  AND  LANAEKSHIRE, 
Snt, — At  present  there  are  some  railway  sections  throagh  Drift  in 
the  line  being  oonstraoted  from  Darvel,  in  Ayrshire,  to  Strathavon, 
in  Lanarkshire,  whioh,  I  think,  show  features  demonstrative  of 
a  depression  of  the  land,  and  the  marine  origin  of  at  least  part  of 
the  Drift  beds.  Lately,  with  two  friends  (it  was  my  foarth  visit 
to  the  locality),  I  examined  minutely  one  of  these  sections,  500 
to  600  feet  above  sea-level  (estimated  from  a  bench-mark).  This 
out  ting  is  to  be  a  deep  one,  and  is  being  taken  in  two  '  lifts ' ;  about 
200  yards  of  the  upper  lift  can  at  present  be  examined,  but  it  is 
much  longer,  part  of  the  slope  being  already  pick-dressed.  The 
section  is  almost  horizontal  for  the  above-mentioned  distance,  and 
very  regular — not  at  all  twisted  or  disturbed,  as  is  the  case  with 
many  parts  of  the  Drift.  It  is  about  two  miles  east  of  Darvel.  ThA 
following  beds  are  exposed : — 

1.  Sand  and  eravel,  stratified     16  feat 

2.  Stony  Boulder-claj  with  large  blocks  6    „ 

3.  Laminated  clay  with  few  stones  and  large  blocks    ...      5    „ 

4.  Stony  clay       8    „ 

6.  Sharp  sand,  not  cut  through. 

I  In  bed  1,  I  observed  a  long  boulder  of  Matstone  Hill  granite, 
quite  in  a  vertical  position.  In  beds  2,  8,  and  4,  long  boulders  were 
obtained  during  the  progress  of  the  cutting,  in  a  similar  position.  In 
the  laminated  bed  8,  a  large  striated  boulder  of  white  sandstone  is  at 
present  to  be  seen,  measuring  four  feet  in  diameter.  It  has  clearly 
fallen  into  the  day  when  the  latter  was  in  a  soft  state,  as  the  laminss 
at  the  bottom  comers  of  the  block  are  bent  down  under  it,  showing 
that  the  block  in  falling  has  made  a  small  indent  in  the  laminated 
clay.    They  (the  laminae)  also  curved  over  the  top  of  the  block. 

Another  interesting  feature  was  the  depressions  or  ruts  in  the 
stony  clay  bed  2,  these  being  invariably  filled  more  or  less  with 
laminated  clay.  A  number  of  shell- fragments  toith  the  epidermis 
were  picked  out  by  us  from  the  stony  clay,  and  from  the  laminated 
bed  we  secured  a  perfect  valve  of  Leda  parvuLa.  (I  may  say  that  in 
this  district  marine  shells  are  frequent  in  certain  parts  up  to  700  feet 
Above  sea-leveL  See  snppL  to  vol.  xi,  Trans.  GeoL  Soc.  Glasgow, 
p.  69.) 

The  boulders  in  the  sections  of  the  railway  At  this  part  are 
a  variety  of  porphyrites  (igneous  rocks  with  conspicuous  felspar,  a 
•Survej'*  term),  amygdaloids,  felstones  (igneous  fine-grained  rock, 
a  '  Survey'  term),  sandstones,  dolerites,  a  few  limestones;  Matstone 
Hill  granite,  a  moderately  coarse-grained  reddish  granite,  being  not 
infrequent,  tiie  parent  rock  occurring  fully  two  miles  to  the  south 
and  on  the  opposite  side  of  the  Irvine  Valley  to  the  railway  sections. 

Not  only  the  Boulder-clay,  hut  a  sharp  grey  sand  bed  eJso  shows 
very  distinct  jointing.  The  joints  in  a  sand-pit  200  yards  north  of  the 
railway  were  very  conspicuous,  and  had  attracted  the  attention  of 
the  workmen  in  the  pit,  who  called  them  water-backs.    Workmen's 
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termB  are  generally  pretty  expressive.  In  solid  rooks  water  often 
issues  from  joints. 

We  went  on  to  Londoun  Hill.  This  bill  is  not  named  on  Sheet  28 ; 
it  is  just  above  the  bouse  named  Baokhill  on  the  western  edge  of 
the  map.    It  is  composed  of  large  vertical  columnar  felstone. 

To  the  east  and  south-east  of  this  bill  the  '  Survey '  have  shown 
a  Uerraoe  of  marine  drift'  and  an  'old  sea  beach.'  Lately 
I  observed  that  the  talus  of  large  blocks  from  the  hill  had  fallen 
down  upon  the  top  of  the  *  marine  drift,*  so  that  the  great  vertical  cliff 
on  the  south  side  of  the  hill  was  very  likely  the  work  of  the  toavee, 
assisted  perhaps  by  shore-ice,  for  much  of  the  '  felstone '  in  the  drift 
may  have  come  from  this  bill,  it  being  the  only  felstone  rock  within 
many  miles  of  this  district 

The  '  marine  terrace '  is  700  feet,  and  the  top  of  Londoun  Hill 
1,034  feet,  above  sea-level. 

The  facts  given  in  this  letter  speak,  I  think,  pretty  plainly.  The 
Drift  beds  here  are  clearly  water  deposits,  and  that '  water '  was  the 
sea.  The  blocks  and  stones  in  both  the  stony  and  laminated  clay 
were  dearly  dropped  into  the  clay  from  floating  ice.  In  bed  2  (the 
stony  Boulder-clay),  there  are  frequent  indications  of  stratification, 
and  those  lines  have  a  steady,  gentle  dip  of  five  to  ten  degrees 
towards  the  east,  or  up  the  Irvine  Valley.  This  long  section  has 
been  exposed  to  the  weather  for  about  six  months ;  the  clay  has 
not  slipped,  and  the  rain- washed  face  of  the  drift  can  be  read  like 
a  book.  There  are  many  well-striated  stones  and  boulders  lying  in 
all  directions,  long  ones  even  vertical,  but  quite  as  many  which  show 
no  striations.  'The  ruts  in  the  stony  clay  bed  2  were  probably 
prodnoed  by  floating  ice  grating  on  the  sea  bottom,  and  these  have 
formed  sheltered  hoUows  in  which  laminated  clay  has  been  deposited. 

J.  Smith. 

HOHXRBDDnrO,  KiLWINHIVO. 


SOME    SNOWDON    TARNS. 
Sib, — ^Will  yon  permit  me  to  correct  a  mistake  in  my  paper  on 
"Some  Snowdon  Tarns."    The  depression  at  250  yards  from  the 
present  outlet  of  Llyn  Llydaw  is  in  a  N.N.E.  direction  therefrom, 
not  N.N.W.  as  I  had  erroneously  written.  J.  R.  Da.kyns. 

Skowdoic  View,  Nant  Gwynaut, 

BiDDOSLBBT,  CaRNABTON. 

Tcbrumry  19,  1900. 


OBITXTJLKTT. 


GEHEIMRATH    PROFESSOR   DR.   QEINITZ, 

Foil.  Mem.  Qeol.  Soo.  Lono. 

'Bawjx  OoTOBBB  16,  1814.  Dibd  Jantjabt  28, 1900. 

Dr.  Hahs  Bruno  Oeinitz  was  bom  at  Altenburg,  Saxony,  where 

ha  passed  a  happy  boyhood  in  his  father's  home.     The  political 

troubles  of  1830  a&oted  the  family  prosperity,  so  that  the  youthful 
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Geinitz  had  to  serve  for  four  years  in  tbe  shop  of  the  Court  chemist^ 
bat  this  did  not  prevent  him  from  spending  his  spare  time  in  the 
study  of  botany,  chemistry,  and  modem  languages.  In  1834  a  way 
opened  for  him  to  go  to  the  University  of  Berlin,  and  in  1836  to> 
that  of  Jena,  where  he  graduated  in  1838.  Under  the  influenoe  of 
Quenstedt,  Geinitz  directed  his  attention  more  particularly  to  the 
study  of  mineralogy  and  palaeontology,  and  the  subject  of  hi» 
graduation  thesis  was  the  Muschelkalk  in  Thuringia.  In  the  same 
year,  1838,  he  went  to  Dresden  and  aooepted  the  post  of  assistant* 
tutor  in  the  Technical  High  School,  with  the  modest  salary  of 
150  thalers  (about  £22)  per  annum.  In  1850  he  became  Professor 
at  the  same  institution,  and  he  occupied  this  position  until  1894,. 
when,  owing  to  increasing  deafness,  he  was  obliged  to  resign* 
From  1863  to  1878  he  was  one  of  the  editors  of  the  iSeues  Jahrbuch ; 
in  1857  he  was  appointed  Director  of  the  Boyal  Mineralogical 
Museum  at  Dresden,  which  may  be  said  to  owe  its  present 
flourishing  condition  mainly  to  his  zeal  and  energy,  and  also  the 
founding  of  the  Prehistoric  Museum  in  1874. 

Professor  Geinitz  was  a  very  prolific  writer  on  geological  and 
palsdontological  subjects,  and  his  published  papers  date  from  1837 
to  nearly  the  latest  years  of  his  life.  Though  to  a  large  extent  they 
refer  to  the  rocks  and  fossils  of  his  native  country,  they  yet  include 
matters  of  general  and  permanent  importance  to  geological  science. 
Amongst  his  principal  memoirs  are  his  descriptions  of  the  fossils  in 
the  Grauwacke  formation  of  Saxony,  which  appeared  in  1852 ;  the 
monograph  of  the  animal  remains  of  the  Dyas  formation,  1861-62  ; 
and  that  on  the  "  Elbthalgebirge,"  1871-75,  which  contains  the 
results  of  his  long-continued  researches  into  the  stratigi-aphy  and 
palsdontology  of  the  Cretaceous  rocks  of  Saxony  and  adjoining 
countries.  He  also  wrote  on  the  fossil  flora  of  the  Hainich- 
Ebersdorf  Coal  Basin,  and  on  that  of  the  Coal  formation  in  Saxony. 
A  commendable  feature  in  Geinitz's  palaaontological  memoirs  is  the 
admirable  manner  in  which  they  are  illustrated. 

Professor  Geinitz  was  deservedly  esteemed  and  honoured  alike 
by  the  geologists  of  his  own  country  and  by  those  of  other 
lands.  He  became  a  Foreign  Member  of  the  Geological  Society  of 
London  in  1857,  and  was  the  last  of  those  elected  to  this  position 
directly  without  passing  through  the  subordinate  stage  of  Foreign 
Correspondent    In  1878  he  received  tbe  Society's  Murchison  Medal. 

Professor  Geinitz  died  at  Dresden  on  the  28th  January  in  the 
86th  year  of  his  age,  and  his  remains  were  interred  on  the  31st, 
in  the  presence  of  a  numerous  gathering  of  his  old  students  and 
colleagues.'  G.  J.  H. 

The  Honorary  Degree  of  Doctor  of  Laws  bets  just  been  presented 
by  the  Senate  of  the  University  of  Glasgow  to  Mr.  Arthur  Smitli 
Woodward,  F.L.S.,  F.G.S.,  of  the  British  Museum  (Natural  History), 
Cromwell  Eoad,  London. 

^  Many  of  the  facts  in  the  aboye  notice  are  taken  from  the  Dresden  Anxeigety 
a  copy  of  which  was  kindly  forwarded  by  Miss  Agnes  Crane  of  Brighton. 
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I. — Notes  on    the    Geology    and    Fossij^  of    some    Devonian 
Bocks  on  the  North  Coast  of  Cornwall. 

By  Howard  Fox,  F.G.S. 
(PLATE  VII.) 

DURING  the  past  year  I  had  the  pleasure  of  spending  some  weeks 
on  the  north  coast  of  Cornwall,  sonth  of  the  Camel,  examining 
the  rocks  exposed  in  the  cliffs  and  on  the  foreshores  of  the  various 
coves,  some  of  which  I  had  not  previously  visited.  A  part  of  my 
notes  were  communicated  to  the  Annual  Meeting  of  the  Royal 
Geological  Society  of  Cornwall  last  November,  and  with  the 
permission  of  the  Society  I  propose  to  reproduce  these  and 
additional  observations  obtained  since,  with  the  view  more  par- 
ticularly of  calling  attention  to  some  of  the  fossils  which,  though 
fragmentary,  appear  to  me  to  yield  not  unimportant  evidence  on 
the  stratigraphical  horizon  of  the  rocks  along  certain  parts  of 
the  coast. 

It  had  been  my  intention  to  visit  the  various  islands  lying  off 
the  north  coast,  but  during  my  holiday  month,  September,  there 
was  not  a  single  day  in  which  it  would  have  been  prudent  to  attempt 
a  landing  either  on  the  Quies  Group  or  the  Bull  Rock  off  Trevose 
Head.  I  did,  however,  make  a  brief  visit  to  Gulland  Island,  which 
is,  rightly,  coloured  greenstone  on  the  Geological  Survey  Map. 
The  entire  surface  of  this  island  is  covered  with  angular  weathered 
fragments,  which  have  been  disjointed  off  from  the  massive  rock, 
a  process  stiU  rapidly  going  on.  The  lower  cliff  on  the  south  side 
of  the  island  is  composed  of  a  coarse-grained  felspathic  rock,  whilst 
higher  up  tlie  rock  is  of  the  same  kind  but  much  finer  grained. 
The  exposed  rock  surfaces,  within  reach  of  the  waves  and  spray, 
weather  nearly  black,  whilst  the  rocks  beyond  are  of  a  rusty-brown 
appearance. 

Padatow  Harbour, — In  the  rocks  both  to  the  north  and  to  the 
south  of  the  River  Camel,  simple  cup-corals  and  fragmentary 
crinoidal  remains  occur,  but  for  the  most  part  they  are  unfavourably 
preserved. 

Trevone, — An  account  of  the  fossils  present  at  several  distinct 
horizons  in  the  shales  at  this  place,  and  more  especially  on  the 
foreshore,  has  already  appeared  in  the  Trans.   Roy.   Geol.   Soc. 

DICADB  IT. — VOL.   VII.— WO.   IV.  10 


Digiti 


zed  by  Google 


146  Howard  Fox — Devonian  Rocks  and  Fossik 

Cornwall,  vol.  xi,  1894,  pp.  634-644.  The  following,  amongst 
others,  were  noted :  fragmentary  plates  of  Pteraapii ;  Orthoceraa ; 
Bacti-ites,  inolading  B.  Budeaheimenais,  Ferd.  Boemer;  Ooniatitei; 
O.  (Tomoceras)  8implex,Y on  Buch;  Euomphalus;  Cardiola  retrostriata, 
Yon  Bnoh;  Centronella,  Phaeope,  TentaculiteM,  Styliola,  Amplexus, 
Favoaites,  and  Paehypora,  According  to  Mr.  G.  C.  Crick  the 
majority  of  the  Cephalopod  remains  indicate  the  same  geological 
horizon  as  the  Budesheim  Beds,  that  is,  the  lower  portion  of  the 
Upper  Devonian,  but  with  these  there  are  some  small  forms  resembling 
Anarcestea  latiaeptalua,  Beyr.,  and  Mimoceras  eompressus,  belonging 
to  the  Wissenbach  (Nassau)  Beds,  of  Lower  and  Middle  Devonian 
age.  On  visiting  the  locality  again,  after  an  interval  of  six  years, 
I  was  disappointed  at  not  finding  any  new  forms  exposed  by  the 
ceaseless  scour  of  the  waves  and  sand  on  the  rocks. 

Weal  of  Newtrain  Bay} — The  shales  here  contained  some  frag- 
mentary crinoidal  arms,  which  were  determined  by  Mr.  F.  A. 
Bather  to  be  of  a  nearly  similar  character  to  those  of  Scaphiocrinti$, 
Hall,  as  figured  by  the  Rev.  G.  F.  Whid borne  from  the  Pilton  Beds 
near  Barnstaple  (see  "Dev.  Fauna  S.  of  England" :  Pal.  Soc.,  1898, 
vol.  iii,  pt.  3,  pp.  228-232,  pis.  xxxi,  xxxiii-xxxviii). 

Mother  Ivey*8  Bay. — A  shelf  of  blue  shale  is  exposed  at  the  east 
end  of  the  beach  at  this  place,  near  high- water  mark,  which  contains 
fragmental  crinoidal  stems,  pyritized  examples  of  Tentaetdites,  and 
Centronella  similar  to  those  occurring  at  Trevone,  and,  in  addition, 
a  specimen  of  Hyolithei. 

Porthcothan  Cove, — This  picturesque  cove  is  about  three  miles 
south  of  Trevose  Head.  The  rocks  are  of  a  bluish,  non -calcareous 
shale,  showing  a  general  dip  E.N.E.  at  15-20^.  Fossils  do  not 
appear  to  have  been  previously  noticed  in  them,  but  they  contain 
a  fair  number,  though  for  the  most  part  in  poor  preservation.  The 
following  have  been  recognized : — Petraiay  in  casts  showing  the 
outlines  of  the  cup  and  septa,  are  not  uncommon.  Two  species 
appear  to  be  represented ;  one  may  be  P.  celttca.  Pleurodictyum,  sp., 
described  below,  fragments  of  Conularta  similar  to  those  from 
Constantine  Bay  (Trans.  Roy.  Geol.  Soc.  Cornwall,  1894,  p.  643), 
imperfect  pygidia  of  Trilobites,'  and  obscurely  shown  examples  of 
Orthoceras  and  Qoniatites. 

Porth  Mear, — This  cove  is  about  half  a  mile  south-west  of 
Porthcothan,  and  the  rocks  enclosing  it  are  of  the  same  character. 
On  the  foreshore  several  distinct  fossiliferous  bands  are  exposed; 
one  of  these  can  be  traced  for  a  distance  of  40  yards  nearly  due 
east  from  the  north  end  of  the  island;  numerous  specimens  of 
Pleurodictyum  are  weathered  out  of  its  surface. 

Lower  Butter  Cove, — The  same  kinds  of  rocks  and  fossils  noted 
from  Porthcothan  and  Porth  Mear  are  likewise  found  in  this  cove, 
which  is  about  half  a  mile  south-west  of  the  last-named  place.  The 
fossiliferous  beds  are  visible  at  low-water,  at  the  base  of  the  eastern 

^  At  the  Bay  itself  I  haye  since  found  two  species  of  Fayosito  corals. 
'  A  Trilobite  minus  the  head,  which  I  haye  recently  obtained  here,  has  been 
determined  by  Dr.  H.  Woodward  to  be  a  species  of  Fhaeop*. 
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diff  of  the  southern  inlet     Huge  blocks  of  rock  fallen  from  the 
cliffs  above  likewise  contain  numerous  fossils. 

BednUhan  Steps. — The  fossiliferous  character  of  the  claret  and 
bluish  shaly  or  slaty  beds  of  this  locality  has  long  been  known. 
Mr.  S.  E.  Fattison  states  that  they  contain  crinoidal  remains, 
a  bivalve  shell,  and  impressions  of  a  Trilobite  (Trans.  Roy.  Qeol. 
Soa  Cornwall,  vol.  vii,  1848,  p.  48) ;  and  in  the  same  volume  (p.  391) 
the  late  Mr.  W.  Pengelly  notes  the  occurrence  in  them  of  the  plates 
of  Steganodiciyum,  McCoy  {Ptera8pi8)j  then  supposed  to  be  a  fossil 
sponge.  The  fossils  are  present,  in  great  abundance,  in  the  lower 
part  of  the  clifif  and  on  the  foreshore,  and  in  the  large  fallen  rock 
masses.  Some  years  since  I  obtained  here  fragments  of  fish-plates, 
principally  of  Pteraspia ;  Orthoceras  ? ;  the  basal  plate  of  a  crinoid 
resembling  Sph(Brocrinu8,  and  fragments  of  crinoid  stems  which 
may  have  belonged  to  Rhodocrinua  or  Melocrinus ;  simple  cup-corals, 
apparently  zaphrentoid  in  character;  Pleurodtctyum  and  Aulopora? 
Last  autumn  I  further  obtained  Petraia ;  a  fragment  of  a  Monticuli- 
poroid ;  crinoidal  fragments,  one  of  which  has  been  determined  by 
Mr.  Bather  as  the  anal  tube  of  a  dicyclic  adunate  crinoid;  and 
specimens  of  the  peculiar  form  described  below  as  Pteroconus  mirm. 

Watergate  or  Tregurrian  Bay  or  Beach. — This  range  of  beach  and 
cliff  extends  about  2|  miles  north  of  St.  Columb  Forth,  and  it  is 
noted  for  the  variegated  colouring  of  its  slates.  Similar  rocks  occur 
between  Fowey  and  Polperro,  and  according  to  Mr.  W.  A.  E.  Ussher 
they  are  also  present  in  South  Devon,  where  they  are  known  as  the 
Dartmouth  -  Kingswear  Slate  group.  Frofessor  Sedgwick  states 
(Quart.  Journ.  Geol.  Soc.,  1852,  voL  viii,  p.  4)  with  respect  to  these 
rooks,  that  he  found  a  highly  fossiliferous  group  extending  from 
New  Quay  to  Mawgan  Forth  and  Fadstow,  and  thence  to  Tintagel ; 
not  merely  ranging  near  the  coast,  but  running  far  up  the  interior 
of  the  country  until,  in  some  instances,  it  approached  a  central  boss 
of  granite. 

On  close  examination  1  found  indications  of  fossils  throughout 
the  whole  series  of  the  variegated  slates  or  shales  of  the  Bay,  though 
they  are,  as  a  rule,  so  poorly  preserved  that  only  occasionally  can 
the  nature  of  the  organism  be  recognized.  Fragments  of  Pteraspis 
plates  are  not  infrequent  in  satiny  grey  soft  shales  exposed  on  both 
the  north  and  south  banks  of  the  small  stream  running  into  the  sea 
north  of  the  noted  Watergate  Elvan;  and  also  in  a  bed  of  soft 
blue  shale  the  Pteraspis  plates,  though  fragmentary,  are  in  great 
abundance. 

The  fossils  mentioned  above,  which  1  have  obtained  from  these 
north  coast  rocks  from  time  to  time,  have  been  submitted  to  various 
authorities  at  the  British  Museum  (Natural  History),  to  whom  1  am 
greatly  indebted  for  their  efforts  to  decipher  the  characters  of  the 
forms  usually  very  imperfectly  preserved.  Dr.  A.  Smith  Woodward, 
F.L.S.,  has  determined  the  fish  remains,  Mr.  F.  A.  Bather,  M.A., 
the  Crinoids,  and  Mr.  G.  C.  Crick,  F.G.S.,  the  Cephalopods,  etc. 
Further,  Dr.  G.  J.  Hinde,  F.B.S.,  has  examined  the  Corals  and 
doubtful  forms.     On  the  accompanying  plate  some  of  the  fossils, 
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wbioh  appeared  to  be  of  saffioient  intereBt  to  jnstify  figaring^ 
have  been  skilfully  represented  hj  Miss  G.  M.  Woodward,  and  the 
following  notes  are  appended  in  explanati<m  of  them,  beginning 
with  the  fish  remains. 

Pteraspis  Comubica,  McCoy,  sp.  (PI.  VII,  Figs.  7,  8.) 
This  species  is  represented  by  irregularly  shaped,  flattened 
fragments  of  the  dermal  plates,  which  are  scattered,  sometimes 
Bii^gly>  sometimes  in  close,  juxtaposition,  and  even  occasionally 
overlapping  each  other,  on  the  exposed  surfaces  of  the  bluish - 
grey  shales  at  Watergate  Bay.  The  plates  are  black,  sometimes 
glossy  in  appearance,  and  their  exterior  surfaces  are  ornamented 
with  fine  ribs  or  striao  running  parallel  to  the  length  of  the  plate. 
Tlie  strias  are  in  places  interrupted  so  as  to  look  like  a  series  of 
minute  tubercles,  only  visible  under  a  lens,  and  in  some  instances 
they  are  crossed  transversely  by  lines  of  growth.  The  plates  vary 
from  0*5  to  1  mm.  in  thickness,  and  there  are  about  four  of  the  surfaoe 
striaa  in  a  millimetre.  These  fragmentary  plates  have  been  identified 
by  Dr.  Smith  Woodward  as  similar  to  those  of  Pteraspis  Corntihica 
which  occur  in  the  Devonian  rocks  of  Lantivet  Bay,  South  Cornwall, 
and  of  which  he  has  lately  given  an  interesting  account  (Trans. 
Roy.  Geol.  Soc.  Cornwall,  vol.  xii,  1899,  p.  229). 

These  fragments  are  found  at  Bedruthan  Steps  as  well  as  at 
Watergate  Bay.  According  to  Dr.  S.  Woodward  the  genus  Pteraspis 
is  characteristic  of  the  Lower  Devonian  or  Lower  Old  Bed  Sandstone 
in  Western  Europe,  and  does  not  descend  below  this  horizon 
(Catalogue  of  Fossil  Fishes  in  the  British  Museum,  vol.  ii,  1891, 
pp.  160-169). 

Phlyctanaspis,  sp.     (PI.  VII,  Figs.  5,  6.) 

The  only  specimen  referable  to  this  genus  is  a  thin  plate,  part 
of  which  is  shown  on  the  surface  of  a  light-grey  shale  and  part 
still  enclosed  in  the  rock.  The  plate  is  not  entire ;  in  one  direction 
it  is  shown  for  a  distance  of  55  mm.,  and  it  is  about  0*5  mm.  in 
thickness.  The  upper  surface,  nearly  of  the  same  grey  tint  as  the 
matrix,  is  furnished  with  numerous  small  depressed  tubercles, 
rounded  or  oval  in  outline,  and  about  0*6  mm.  in  diameter.  They 
are  arranged  alternately  in  rows,  between  three  and  four  in  the 
distance  of  2  mm.  The  summit  of  these  tubercles  is  often  wanting, 
and  the  rounded  dome  is  replaced  by  a  minute  crater. 

Dr.  Smith  Woodward  states  that  owing  to  the  incompleteness  of 
the  plate  it  is  not  possible  definitely  to  identify  it  with  Phlyctanaspis, 
but  the  tubercular  surface  is  approximately  similar  to  that  of  the 
plates  of  P.  acadica,  Whit.,  sp.  (see  Geol.  Mag.,  Dec.  Ill,  Vol.  IX, 
1892,  p.  5,  PI.  I,  Figs.  7, 8),  from  the  Lower  Devonian  at  Campbellton, 
New  Brunswick.  The  Canadian  fossil,  of  which  a  specimen  is  in 
the  British  Museum  (Nat  Hist),  has  stouter  tubercles  with  striae 
radiating  from  their  bases,  and  they  are  more  deeply  hollowed  out 
than  in  the  present  form. 

The  specimen  is  from  Watergate  Bay.  The  genus  Phlycianaspis 
is  characteristic  of  the  Lower  Old  Red  or  Lower  Devonian. 
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Clmatius,  sp.     (PI.  VII,  Figs,  d,  10.) 

The  only  example  is  a  fragment  of  a  compressed  spine,  9  mm.  in 
width  and  2  mm.  in  thickness ;  the  exposed  surface  is  jet-black ;  it 
shows  stout,  straight,  longitudinal  ribs,  of  which  there  are  eight  in 
the  width  of  the  spine.  The  upper  edge  of  the  ribs  is,  in  places, 
tuberoulate,  and  on  one  side  of  each  there  are,  at  intervals,  blunted 
processes  which  reach  across  the  interspace  between  the  ribs  so  as 
to  form  elongate  hollows,  now  filled  with  matrix.  According  to 
Dr.  Smith  Woodward  the  structure  of  this  spine  resembles  that  of 
the  spines  of  the  genus  C/tma/ius,  Ag.,  which  has  a  dermal  spine 
in  front  of  each  fin  except  the  caudal. 

The  specimen  figured  is  from  Watergate  Bay.  The  genus  occurs 
in  the  Lower  Old  Red  of  Forfar,  Hereford,  and  Worcester,  and  in 
the  Lower  Devonian  of  New  Brunswick. 

The  occurrence  of  the  remains  of  Pteraspis,  FhlycUBnaspis,  and 
CUmaiint  in  the  same  series  of  shaly  strata  at  Watergate  Bay  and 
Bedruthan  Steps  derives  significance  from  the  fact,  brought  to  my 
notice  by  Dr.  Smith  Woodward,  that  in  other  regions  of  Western 
Europe  and  Eastern  North  America  where  these  three  genera  are 
present,  they  characterize  the  geological  horizon  of  the  Lower  Old 
Bed  Sandstone  or  the  Lower  Devonian.  It  may  therefore  be 
reasonably  assumed  that  the  rocks  on  the  North. Cornish  coast  in 
which  they  are  found  likewise  belong  to  the  same  geological  period. 

The  following  descriptions  of  Pteroconu$  mirw,  n.sp.,  and  PleurO' 
dietyum,  sp.,  have  been  contributed  by  Dr.  G.  J.  Hinde,  F.R.S. : — 

Family  HYOLITHIDuE,  Nicholson. 

Genus  Ptbroconus,  Green  (=  Nereitopsis,  Green). 

Pteroeonm  mira$,  sp.  no  v.     (PI.  VII,  Figs.  1-4.) 

Shell  conical,  compressed,  straight;  in  transverse  section  round 
or  elliptical,  on  both  sides  with  small  shelly  flap  or  fin-like 
extensions  disposed  at  regular  intervals  from  the  basal  point  to 
the  summit  aperture.  A  longitudinal  rod  or  thickening  of  the  shell 
enclosed  within  the  cone.  The  outer  surface  with  an  ornamentation 
of  transverse  lines  of  growth  following  the  contour  of  the  summit, 
and  at  intervals  with  stronger  raised  lines  connected  with  the  lateral 
processes.     No  operculum  has  been  observed. 

This  description  is  based  on  the  characters  shown  by  a  number 
of  specimens  collected  by  Mr.  Howard  Fox  at  Bedruthan.  The 
fossils  are  exposed  on  the  surface  of  a  bluish  or  claret-tinted  shaly 
rock  as  they  have  been  naturally  weathered  out ;  in  some  the  shelly 
exterior  of  the  test  with  its  ornamentation  is  visible,  whilst  in  others 
the  interior  of  the  cone  has  been  laid  bare.  The  forms  are  to  some 
extent  compressed  in  the  shaly  rock,  and  only  the  surface  weathered 
in  relief  can  be  studied.  The  test  is  now  of  a  brownish  or  reddish- 
brown  tint,  owing  to  the  replacement  of  the  original  shell  by  some 
compound  of  iron;  the  interior  is  now  generally  filled  with  the 
shaly  matrix.     Only  exceptionally  are  perfect  specimens  met  with ; 
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08  a  rale  the  sammit  apertures  are  defeotive,  but  on  the  whole 
these  fossils  are  better  preserved  than  other  organic  remains  in  the 
same  rock. 

The  specimens  are  variously  elongate,  gradually  tapering  cones, 
ranging  from  30  mm.  to  72  mm.  in  length  and  with  a  summit 
breadth  of  7-9  mm.  The  most  complete  example  (PL  VII,  Fig.  1) 
is  a  cone,  85  mm.  in  length,  showing  the  outer  surface  of  the  test, 
but  the  ornamentation  is  only  distinguishable  in  its  upper  portion. 
The  upper  margin,  apparently  perfect,  has  a  gently  convex  outline, 
and  including  the  lateral  processes  is  about  9  mm.  in  breadth.  The 
surface  of  the  central  cone  exhibits  delicate  arched  growth-lines 
following  the  contour  of  the  aperture,  and  at  intervals  of  about 
2*5  mm.  it  is  crossed  by  stronger  raised  lines,  which  on  either  side 
of  the  cone  are  prolonged  downwards  to  form  the  anterior  margins 
of  small  flattened  or  slightly  concave  processes  or  flaps,  which 
extend  obliquely  for  a  distance  of  1*5-2  mm.  from  the  cone.  There 
are  in  this  specimen  sixteen  of  the  ear-shaped  processes ;  they  are 
disposed  so  that  the  posterior  margin  of  each  dips  slightly  under 
the  front  edge  of  the  one  next  below  it  in  the  series,  llie  three  or 
four  processes  on  either  side  of  the  lower  part  of  the  cone  appear  to 
have  coalesced  together  so  as  to  form  a  narrow  continuous  plate, 
which  extends  round  and  slightly  beyond  the  point  of  the  cone. 
In  another  specimen,  72  mm.  in  length,  there  are  about  thirty-four 
pairs  of  processes,  which  are  somewhat  triangular  in  outline. 
A  transverse  section  of  a  specimen  similar  to  Fig.  1  is  distinctly 
elliptical  in  outline. 

In  the  form  represented  in  PL  VII,  Figs.  2  and  8,  the  cone  has 
been  weathered  so  as  to  expose  the  interior  longitudinal  rod  or 
thickening  of  a  portion  of  the  interior  of  the  test  The  specimen 
is  imperfect,  and  a  joint  in  the  shale  has  divided  it  into  two  parts. 
Above  the  fracture,  the  exterior  of  the  test  is  shown  crossed  by  strice 
with  a  slightly  concave  curve,  whilst  below  the  line  of  fracture  the 
interior  of  the  cone  is  laid  bare  by  weathering,  and  a  central 
rod-like  body,  unequally  thickened  at  intervals  and  bordered  by 
depressions  on  either  side,  projects  slightly  above  the  bordering 
wall  of  the  test  (PL  VII,  Fig.  3).  The  lateral  flaps  or  processes 
are  very  distinctly  striated,  and  in  contrast  with  those  of  the 
specimen  mentioned  above  (Fig.  1)  the  processes  and  the  striae 
have  a  slightly  upward  direction.  This  difference  may  perhaps 
be  explained  by  supposing  that  the  side  of  the  shell  exposed  in  this 
example  is  the  reverse  of  that  shown  in  Fig.  1.  Owing  to  the  fact 
that  only  one  side  of  a  specimen  can  be  examined,  it  is  not 
practicable  to  determine  if  the  characters  of  the  dorsal  or  ventral 
side  in  this  form  are  similar  or  not 

Another  aspect  of  the  interior  rod  is  seen  in  the  middle  half  of 
a  specimen  (PL  VII,  Fig.  4)  in  which  the  striated  shelly  exterior 
has  been  weathered  away.  It  here  appears  as  a  straight,  slender, 
nearly  smooth,  cylindrical  rod,  just  within  the  wall  of  the  cone.  In 
the  short  length  of  it  exposed  there  is  no  connection  with  the  lateral 
processes  apparent     The  nature  and  function  of  this  interior  rod 


Digiti 


zed  by  Google 


on  the  North  Coast  of  Comtcalh  151 

are  problematical.  At  first  it  suggested  tbe  idea  that  it  might 
indicate  a  siphuncle,  but  there  is  no  evidence  that  it  was  a  hollow 
tube.  Mr.  0. 0.  Crick,  who  has  most  carefully  examined  these  fossils, 
is  unable  to  recognize  in  them  any  genuine  Cephalopodan  characters. 

The  real  nature  of  these  forms  has  been  a  subject  of  much 
speculation  alike  to  the  writer  and  to  other  palsoontologists  who 
have  examined  them.  They  present  several  points  of  resemblance 
to  the  HyolithidaB  in  their  general  form,  size,  the  character  and 
ornamentation  of  the  shell,  and  even  the  peculiar  flaps  or  lateral 
processes  may  be  looked  upon  as  analogous  to  the  winged  expansions 
in  Pterotheca,  Salter,  and  Pterygotheca,  Novak.  I  am  unable  to  say 
at  present  whether  any  structure  occurs  in  known  Hyolithidao 
which  can  be  compared  with  the  interior  rod-like  body  in  Pteroconus. 
On  the  whole  there  seems  sufficient  justification  for  regarding  this 
genus  as  belonging  to  the  HyolithidaB.  The  systematic  position  of 
this  family  is  still  a  matter  of  debate,  and  its  relations  to  the 
Fteropoda  have  not  been  certainly  proved. 

Whilst  working  at  the  specimens  sent  to  me  by  Mr.  Howard  Fox, 
my  attention  was  called  to  the  figures  of  some  oasts  of  fossils  from 
Folruan,  etc.,  by  Mr.  Upfield  Green,  in  the  Trans.  Roy.  (JeoL  Soo. 
Cornwall,  vol.  xii  (1899),  pt.  4,  pL  F,  p.  227.  Through  the  kindness 
of  Mr.  Green  and  Mr.  J.  H.  Collins,  1  had  an  opportunity  of  seeing 
the  originals  of  the  figures  which  are  preserved  in  the  Museum 
of  that  Society  at  Penzance,  and  at  once  recognized  them  as  casts 
of  organisms  similar  to  those  discovered  by  Mr.  Fox.  Mr.  Green 
did  not  describe  the  forms,  but  limited  himself  to  giving  the  figures 
and  naming  ''the  fossil  Nereitopsia  cornubicus,  from  its  somewhat 
distant  resemblance  to  some  of  the  species  of  the  genus  Nereis 
(Cuvier)  of  the  dorsibranchiate  order  of  Annelids."  I  pointed  out 
to  Mr.  Green  that  the  fossils  themselves,  as  distinct  from  the  casts, 
precluded  the  idea  that  they  could  in  any  way  resemble  any  species 
of  Nereis,  and  that  consequently  the  name  he  proposed  was  mis- 
leading and  should  be  changed.  Mr.  Green  accepted  my  suggestion 
and  desired  to  substitute  Pieroeonus  for  Nereitopsis,  and  I  have 
adopted  his  fresh  name  as  that  of  the  genus.  Mr.  Green  states  that 
the  larger  of  his  specimens  (fig.  1,  pi.  F)  **  differs  from  the  others, 
being  terminated  posteriorly  by  a  tuberculated  extension,"  and  this 
may  properly  be  considered  as  the  type  of  Pieroeonus  {Nereitopsis) 
Comubicus.  Whether  the  other  forms  represented  in  his  figures  are 
new  species  or  will  prove  to  be  the  same  as  those  described  and 
figured  in  this  paper  must  remain  at  present  undecided. 

The  specimens  of  Pieroeonus  mirus  were  collected  by  Mr.  Howard 
Fox  in  the  claret  -  tinted  and  bluish  shales,  probably  of  Lower 
Devonian  age,  exposed  in  the  cliffs  and  foreshore  at  Bedruthan 
Steps,  North  Cornwall.  Mr.  Fox  has  announced  his  intention  to 
present  the  specimens  figured  to  the  British  Museum  (Natural 
History),  Cromwell  Bead,  South  Kensington. 

Pleurodiclyum,  sp.     (PI.  VII,  Fig.  11.) 
Corallnm  discoidal,  thickness  inconsiderable,  the  upper  surface 
depressed  convex,  diameter  from  25  to  34  mm.    There  are  about 
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ten  krge  eoralHtas  in  v^hat  appears  to  be  a  full-sieed  oaralhim, 
witk  smaller  oorallites  in  the  angles  between  the  larger.  The 
corallites  range  from  5  to  9  mm.  wide,  their  average  diameter  is 
7  mm.  They  are  poljgonal  <h:  ronnded  in  outline,  riiallow,  the 
walls  are  relatiyely  thiok  and  apparently  vesioular,  showing  small 
irregular  interspaces  on  their  weathered  margins.  There  are 
indications  of  pores  psssing  through  the  walls  near  the  base  of  the 
oorallites  and  communicatiDg  with  the  exterior,  bnt  it  is  nnoertaio 
if  the  oorallites  were  directly  connected  with  each  other  by  mural 
pores.  A  few  blunt  spines  are  present  in  the  lower  portion  of  the 
oorallites,  bnt  there  are  no  indications  either  of  tabulss  or  septal  striss. 

Examples  of  this  form  are  by  no  means  rare,  but  they  are  all 
very  poorly  preserred,  and  but  little  more  than  their  upper  surfaces, 
dighUy  projecting  from  the  bluish  shaly  rook,  can  be  distinguished. 
Their  walls  have  been  replaeed  by  a  mineral  which  gives  a  very 
slight  reaction  with  acid.  So  far  as  comparison  is  possible,  ^ 
form  to  which  they  are  nearest  allied  is  P.  granuJUfera^  Schliiter 
(Anthos.  d.  rhein.  Mittel-Devon.  Abhandl.  der  geol.  Laudesanst, 
voL  viii,  1889,  p.  361,  pL  iv,  figs.  5--6),  from  the  Middle  Devonian 
of  the  Eifel.  According  to  Mr.  C.  W.  Peac^,  P.  problematieum,  Qoldf., 
also  occurs  in  abundance  at  Polruan  and  other  localities  in  Cornwall 
(Trans.  Roy.  Geol.  See  Comw.,  vol.  ix,  p.  52),  but  I  am  unaware  if 
this  determination  has  been  confirmed. 

It  seems  desirable  not  to  give  a  specific  name  to  the  present  form 
until  better  preserved  specimens  have  been  obtained.  It  is  found 
at  Porthoothan,  Perth  Mear,  and  Lower  Butter  Cove. 

EXPLANATION  OF  PLATE  VII. 

Fio.  L — Pteroamui  mirut,  Hinde,  sp.n.      Showing  the  exterior  surface  of  a  fairly 

perfect  specimen,  weathered  out  on  the  surface  of  a  shaly  rock.    Natural  size. 

Lower?  Devonian:  Bedruthan  Steps,  North  Cornwall. 
Fio.  2. — The  same.    An  imperfect  specimen  from  the  same  locality,  the  exterior 

surface  shown  in  the  portion  abore  the  line  of  jointine,  and  helow  this  the 

interior  of  the  cone  with  the  lateral  processes  are  exposed.    Natural  size. 
Fig.  3. — The  same.     A  part  of  Fig.  2,  enlarged  three  diameters,  showing  the 

longitudinal  rod  within  the  cone  and  the  striation  of  the  lateral  processes. 
Fig.  4. — The  same.    An  imperfect  specimen  showing  in  the  middle  poitioa  the  inner 

rod,  exposed  by  the  weathenng  away  of  the  shell.     Natural  size.    From 

Bedruthan. 
Fig.  6. — Fhlyetanatpit^  sp.    A  fragment  of  a  plate  weathered  out  on  a  surface  of 

shale.    Natural  size.    From  the  Lower  JDeyonian  of  Watergate  Bay,  North 

Cornwall. 
Fig.  6.— The  same.     A  fK)rtion  of  Fig.  6,  enlarged  ten  diameters  to  show  tiie 

tubercles,  one  of  which  is  hollowed  out. 
Fig.  7. — Fttratpis  Comubica,  McCoy,  sp.    An  imperfect  shield -plate,  showing  the 

striffi  and  lines  of  growth.     Natural  size.     From  the  Lower  DeTonian  at 

Watergate  Bay. 
Fio.  8. — ^The  same.    A  portion  of  Fig.  7,  enlarged  fire  diameters. 
Fio.  9.—-Climatiu*f  sp.    A  fragment  of  a  spine,  showing  the  strongly  marked  riha 

with  their  lateral  processes.    Natural  size.     From  Watergate  Bay. 
Fio.  10. — The  same.    Part  of  Fig.  9,  enlarged  fire  diameters. 
Fio.  11. — Pleurodietyum,  sp.    The  upper  surface  of  a  specimen,  partly  weathered 

out  of  bluish  shale.    Natural  size.    From  the  Lower  Devonian  at  Porth- 

cothan,  North  Cornwall. 
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ir.— Notes  ok  Dbbpanaspis  GuVirDENENsts,  Sohlutee. 
By  Dr.  R.  H.  Tbaquaib,  F.K.S. 

rIS  mofit  remarkable  fish,  from  the  Lower  Devonian  Hoofing 
Slate  (Hunsrucksohiefer)  of  Omiinden,  in  Western  Germany, 
was  named,  but  very  imperfectly  described,  by  Schliiter  in  1887,  as 
his  material  was  at  that  time  of  a  very  fragmentary  nature.  He 
apparently  considered  the  creature  to  be  allied  to  Cephalaspia.  In 
Dr.  Smith  Woodward's  "Catalogue"  (pt.  ii,  1891,  p.  311)  it  is  only 
mentioned  by  name  along  with  a  number  of  other  imperfectly  known 
forms  {Aapidichthya,  AnomalichthyB,  etc.)  which  he  considered  as 
**  perhaps  for  the  most  part "  referable  to  the  Coccosteidsd. 

In  1890  I  began  to  obtain  specimens,  at  first  very  fragmentary, 
through  the  agency  of  Mr.  Stiirtz  in  Bonn,  and  in  exhibiting  these 
before  the  Boyal  Society  of  Edinburgh,  I  expressed  the  opinion  that 
the  afi&nities  of  Drepanaspia  lay  rather  with  the  Pteraspidie  {Nature, 
vol.  liv,  p.  263).  Finally,  having  got  together  a  considerable 
amount  of  more  perfect  material,  I  incidentally  described  the  fish  in 
my  recently  published  memoir  on  the  Silurian  Fishes  of  Scotland, 
giving  a  restored  figure  of  its  dorsal  aspect,  which  Dr.  Smith 
Woodward  has  reproduced  in  his  critical  notice  of  that  memoir 
which  appeared  in  the  Qeologioal  Maqazinb  for  February  last 
The  conclusion  I  came  to  was  that  Drepanaspis  formed  the  type  of 
a  distinct  family,  related  not  only  to  the  Pteraspidsd  but  also  to  the 
Psammosteidn  and  CoelolepidaB,  and  which  must  consequently  along 
with  these  three  families  be  included  in  the  Heterostraci,  of  which 
the  CoelolepidsB  appear  to  form  the  starting-point. 

But  beyond  the  fact  that  Drepanaspis  possessed  a  large  median 
ventral  plate  as  well  as  a  dorsal  one,  and  that  the  two  could  readily 
be  distinguished  by  their  shape,  my  knowledge  of  the  topography  of 
the  inferior  surface  of  the  carapace  was  still  imperfect  Nor  had 
I  ascertained  the  position  of  the  mouth,  though  I  said  that ''  as  it  is 
impossible  to  conceive  of  the  absence  of  a  mouth,  we  must  conclude 
that  it  was  placed  exactly  at  the  anterior  margin." 

However,  since  that  memoir  was  published,  I  have  received  from 
Dr.  Erantz,  of  Bonn,  a  specimen  of  the  carapace  of  Drepanaspis 
(Fig.  2),  which  not  only  clears  up  previously  unsettled  questions 
regarding  the  arrangement  of  the  plates  on  the  ventral  surface,  but 
also  shows  the  mouth  it«elf  tit  sitiL 

But  before  describing  the  ventral  surface,  I  may  as  well  recapitulate 
the  facts  already  known  regarding  the  configuration  of  the  fish. 

The  carapace  (Fig.  1)  is  broad,  depressed,  very  obtusely  rounded 
in  front,  and  terminating  behind  in  a  prominent  though  rounded 
an^e  on  each  side.  There  is  on  the  dorsal  surface  a  large  median 
plate  {m.d.)  of  an  ovate-hexagonal  shape,  the  anterior  margin  being 
short  and  nearly  straight,  while  the  still  shorter  posterior  one  is 
acutely  notched.  Each  postero-lateral  angle  of  the  carapace  is 
formed  by  a  narrow,  elongated,  somewhat  falciform  plate  (pM),  the 
postero-Iateral  or  comual,  which  tapers  to  a  sharp  point  in  front  and 
fonns  most  of  the  external  margin  of  the  shield.    The  rest  of  the 
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surface  is  fonned  by  small  polygonal  plates,  reminding  as  of  the 
tesselated  surface  of  many  Psammostean  shields,  while  we  sometimes 
find  a  few  larger  rostral  ones  (r.)  just  at  the  anterior  margin ;  and 
external  to  these  just  at  the  edge  of  the  carapace  we  find  a  plate 
showing  a  small  round  depression  or  pit  {x.)  which  in  my  Silurian 
memoir  I  have  supposed  might  possibly  represent  an  orbit.  But  to 
this  I  shall  again  refer  further  on. 


Fig.  1. — Drepanaspit  OmundenensiSy  Schluter  ;  restored  outline  of  the  dorsal  aspect, 
the  surface  ornament  omitted,  and  the  tail  twisted  round  so  as  to  show  the 
caudal  fin  in  profile,  m.d,  median  dorsal  plate  ;  p,L  postero-lateral  plates ; 
r.  rostral  plates ;  x,  sensory  plate.  Slightly  altered  from  the  figure  previously 
given. 

The  surface  ornament  of  all  these  plates  consists  of  small  and 
tolerably  closely  set  stellate  tubercles,  and  it  is  to  be  noted  that 
on  the  small  polygonal  ones  we  often  find  a  tubercle  of  larger 
size  at  or  near  the  centre,  as  is  commonly  the  case  on  the  polygonal 
areas  of  PBammosteus  Taylori, 

The  tail,  springing  from  the  middle  of  the  posterior  margin  of 
the  carapace>  is  comparatively  short,  and  terminates  in  a  heteroceroal 
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though  Bcarcel  J  bilobed  caudal  fin,  but  there  is  no  trace  of  any  other 
fins  or  appendages,  paired  or  unpaired.  These  parts  are  covered 
on  the  sides  by  rhombic  tuberculated  scales,  and  bordered  above  and 
below  respectively  by  a  single  row  of  narrow  imbricating  median 
scales  or  '  fulcra.'  Nothing  resembling  fin-rays  can  be  seen,  nor  is 
there  any  definite  line  of  demarcation  between  the  scales  of  the 
body  prolongation  and  those  of  the  fin-membrane,  though  the  latter 
become  gradually  smaller. 

Turning  now  to  the  ventral  surface  of  the  animal,  I  have  in  Fig.  2 
given  an  accurately  reduced  sketch  of  the  plates  as  seen  in  the 
new  specimen  to  which  I  have  alluded,  while  Fig.  3  represents 
a  restoration  in  which  the  oblique  distortion  due  to  slaty  cleavage 


"FiQ.  2.  —  Sketch  of  a  specimen  of  the  carapace  of  Drepanaspis  Gmundenenttf^ 
Schliiter ;  one-third  natural  size  ;  distorted  by  slaty  cleavage,  and  somewhat 
imperfect  behind,  o.  mouth  ;  r.  rostral  or  upper  labial  plates  ;  eJ,  external 
labial  plate ;  m.  mental  plate ;  x,  sensory  plate  ;  a.v.L  anterior  yentro- 
lateral ;  n%,v,  median  ventral ;  tn.d.  portion  of  inner  surface  of  median 
dorsal ;  p.v.l.  posterior  rentro-lateral ;  p.l.  postero- lateral  or  comual  plate. 

has  been  corrected.  We  may  now  see  that  the  mouth  (o.)  is  placed 
exactly  where  I  had  expected  to  find  it,  namely,  at  the  anterior 
margin  of  the  carapace.  It  is  a  transverse  slit,  the  upper  margin  of 
which  is  formed  by  the  anterior  edges  of  iheroBtral  plates  (r.)  already 
mentioned,  while  at  each  outer  comer  there  is  a  small  external  labial 
plate  (e.7.},  the  tubercles  on  which  are  rather  larger  than  those 
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^sewhere.  The  lower  boundary  of  the  oral  slit  k  fbrmed  by  the 
lower  margin  of  a  broad  pentagonal  plate  (m.),  which  we  may  oall 
mental.  The  anterior  or  oral  margin  of  this  plate,  which  is  also  the 
longest,  is,  however,  not  quite  straight,  as  it  shows  a  very  obtuse 
angle  in  the  middle;  the  two  lateral  margins  are  shorter  and 
slightly  oonvergent  posteriorly ;  the  postero-lateral  margins  follow, 
each  at  an  obtuse  angle  to  its  respective  lateral  one,  and  they  meet 
each  other  behind  also  at  an  obtuse  angle,  which  fits  into  the  wide 
anterior  notch  or  excavation  of  the  plate  next  to  be  described. 


Fio.  3.  —  Restored  ontline  of  the  yentral  aspect  of  Drepanaspit  GmuntUnmtU, 
Schliiter  ;  surface  ornament  omitted,  and  the  tail  twisted  round  so  as  to 
appear  in  profile.  Lettering  as  in  ¥ig.  2,  but  the  mouth  in  front  and  the 
supposed  doacal  opening  behind  are  represented  in  black. 

This,  the  great  median  ventral  plate  (m.v.),  is  of  a  broadly  oval  form, 
having  a  widely  open  notch  or  indentation  in  front  which,  as  aforesaid, 
receives  the  posterior  angle  of  the  mental  plate.  In  the  specimen 
of  which  Fig.  2  is  a  sketch,  the  hinder  extremity  of  this  plate  is 
broken  o£^  but  in  Fig.  8  1  have  restored  its  contour  from  other 
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apdoimens,  whence  it  will  be  seen  that  it  presents  a  narrow  median 
notch,  the  direction  of  which  is  oontinaed  for  a  little  way  in  front 
by  a  longitudinal  fold-like  eleyation  of  the  snrfaoe. 

Betoraing  now  to  the  front,  we  find  on  each  margin  of  the 
carapace,  immediately  behind  the  small  erternal  lalnal  plate  of  the 
months  another  and  rather  larger  element  of  a  trapezoidal  shape 
(09.),  transversely  placed,  with  a  short  external  margin,  a  longer 
internal  one,  while  the  posterior  is  the  longest  and  is  directed 
nearly  at  a  right  angle  to  the  middle  line  of  the  creatare.  In  tiie 
outer  extremity  of  ^is  plate  is  a  small  rounded  depression,  which 
in  the  specimen  sketched  in  Fig.  2  and  in  some  others  is  seen  on 
the  ventral  aspect  of  the  fossil ;  but  as  it  also  appears  in  some  on  the 
dorsal  aspect  it  appears  to  me  to  have  been  marginal,  and  that 
the  outer  extremity  of  the  plato  on  which  it  occurs  must  have  been 
reflected  upwards  when  in  an  uncrushed  condition.  In  my 
"  Silurian  "  Memoir  above  quoted,  I  have  designated  this  depression 
as  an  orbit  vrith  a  query,  and  it  certainly  occupies  a  position 
singalarly  analogous  to  that  of  the  supposed  orbit  in  i^eraspt«, 
which  is  also  very  small  in  proportion  to  the  size  of  the  animal. 
But  in  some  examples  before  me  it  seems  to  have  a  floor  furnished 
with  tubercles  similar  to  those  of  the  rest  of  the  surface,  so  that  its 
orbital  nature  can  hardly  be  maintained.  However,  from  its  constant 
occurrence  on  the  same  plate  and  in  the  same  position  ki  must  have 
a  meaning,  and  doubtless  it  marks  the  place  of  an  organ  of  sense  of 
soaie  sort,  which  can  hardly  be  a  nostril,  and  as  the  plate  itself 
most  have  a  name  we  may  call  it  the  sensory  plate. 

Immediately  behind  this  *  sensory*  plate  is  another  and  larger 
one  (a.v.2.)  of  an  approximately  triangular  form,  a  long  irregularly 
scolloped  side  internally,  a  gently  convex  outer  one,  and  an  acutely 
pointed  posterior  angle.  The  outer  margin  of  this  plate,  which  we 
may  call  anterior  veutro-lateral,  fits  on  below  the  anterior  pointed 
extremity  of  the  great  postero-lateral  plate  (p./.),  so  extensively 
seen  on  the  dorsal  surface  (Fig.  1),  but  which  appears  on  the 
ventral  aspect  simply  as  a  rather  narrow  thickened  margin,  marked 
with  wavy  ridges  instead  of  tubercles,  and  is  obliquely  bevelled  off 
just  at  the  postero-lateral  angle  (Figs.  2  and  3).  These  lateral 
elements  on  the  ventral  surface  are  on  each  side  separated  from  the 
mental  and  median  ventral  plates  by  a  series  of  small  polygonal 
ones,  as  represented  in  Figs.  2  and  3,  but  just  behind  there  is  an 
ovate-oblong  one  of  a  considerable  size  (p.v./.),  which  may  be  called 
posterior  ventro-lnteral  The  space  between  this  and  the  postero- 
external angle  of  the  plate  p.L  (left  empty  in  the  figures)  seems 
in  one  specimen  to  be  covered  by  another  smaller  one ;  any  way, 
I  think  that  in  this  region  the  branchial  apeii;ure  must  have  been 
placed,  though  its  position  is  as  yet  not  exactly  determined. 

In  a  specimen  in  the  collection  of  the  Geologische  Landesanstalt  in 
Berlin,  the  posterior  notch  of  the  median  ventral  plate  seems  to 
fonn,  along  with  an  elevated  median  scale  just  behind  it,  a  narrow 
opening,  which  I  take  to  be  the  orifice  of  the  cloaca  (see  Fig.  3). 
This  is  suoceeded  in  the  backward  direction  by  four  similar  scales 
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which  pass  into  the  median  fulcra  of  the  ventral  margin  of  the  tail 
and  caudal  fin ;  these  fulcra  being  at  first  very  stout  and  prominent, 
but  becoming  further  back  proportionally  more  slender  and  oblique. 

The  above  is  a  sketch  of  the  configuration  of  Drepanaspis  and  of 
the  parts  forming  its  exoskeleton,  so  far  as  I  have  been  able  to 
elucidate  the  subject  after  ten  years'  careful  hoarding  up  of  material. 

Obaervatians. — It  will,  I  think,  be  acknowledged  that  DrepanaupU 
is  a  creature,  the  details  of  whose  structure  as  described  above  form 
an  important  addition  to  our  knowledge  of  the  extinct  Ostracodermi 
of  the  Silurian  and  Devonian  periods.  Its  resemblance  to  the  still 
imperfectly  known  PsammosteidsB  cannot  be  gainsaid,  nor  can  its 
affinity  to  the  Coelolepidn  on  the  one  hand  and  to  the  Pteraspidsa  on 
the  other  be  doubted,  and  consequently  I  have  in  my  memoir  on 
the  Scotch  Silurian  fishes  included  all  four  families  in  a  new 
and  enlarged  conception  of  the  Heterostraoous  division  of  the 
Ostracodermi. 

Looking  at  Drepanaspis  by  itself  we  have  a  creature  whose  hard 
parts  are  entirely  dermal,  and  in  which  no  traces  whatever  of  any 
endoskeleton  can  be  found. 

The  mouth  is  a  transverse  slit,  which  shows  no  teeth,  nor  any 
jaws  properly  so  called,  and  therefore  affords  an  apparent  support  to 
the  agnathous  theory  of  the  Ostracodermi.  But,  I  repeat,  we  know 
nothing  of  the  original  cartilaginous  endoskeleton,  and  consequently 
to  believe  that  the  fish  while  living  had  no  cartilaginous  repre« 
sentative  of  the  Meckelian  element  is  surely  an  assumption,  while 
to  argue  therefrom  any  special  affinity  to  the  Lampreys,  so  utterly 
different  in  form,  seems  to  me  to  be  a  non  sequitur.  Here  it  may  be 
observed  that  the  condition  of  the  nasal  organ  does  not  afiford  us  any 
help  in  this  question,  as  no  external  nostril,  either  single  or  double, 
has  been  observed  in  Drepanaspis  or  in  any  other  Ostracoderm. 
The  only  Palaeozoic  fish  which  is  apparently  monorhinal  like  the 
Lampreys  is  Falaospondylus. 

There  is  certainly  no  shoulder  girdle  in  Drepanaspis,  nor  are 
there  paired  fins,  at  least  from  the  functional  standpoint  But  the 
prominent  postero  -  lateral  angles  of  the  carapace  are  obviously 
equivalent  to  the  lateral  expansions  in  the  CoelolepidaB,  which  I  have 
interpreted  as  pectoral  fin-folds.  If  this  idea  is  right,  we  have  the 
parts  representing  the  pectoral  fins  in  Drepanaspis  replaced  by 
unyielding  plates. 

Dr.  Smith  Woodward,  in  his  review  of  my  Silurian  memoir,  dis- 
agrees with  this  view  on  two  gronnds. 

First,  because  there  is  no  line  of  demarcation  between  the  fin-like 
expansions  of  Thelodus  and  the  rest  of  its  body,  no  change  in  the 
<;haracter  of  the  dermal  armature  at  that  part,  and  no  signs  of 
flexibility. 

But  the  very  same  things  may  be  said  of  the  caudal  fin  of  Thelodus 
and  of  Drepanaspis,  and  surely  no  one  would  deny  that  it,  at  least, 
is  a  fin.  In  Drepanaspis,  as  we  have  seen,  the  expanse  of  the  caudal 
fin  is  covered  with  scales  precisely  similar  in  shape  and  in  sculpture 
to  those  of  the  body  prolongation,  between   which  and  the  fin 
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membrane  no  abrupt  line  can  be  seen,  though  the  scales  tend  to 
diminish  in  size  distally.  And  in  a  specimen  of  the  recent  Angel-fish 
{Rhina  iquatina)  now  before  me,  I  see  no  sudden  change  in  the 
character  of  the  shagreen  granules  as  they  pass  from  the  surface  of 
the  body  on  to  that  of  the  broad  pectoral  fin.  As  regards  evidence 
of  flexibility,  the  Silurian  specimens  of  Coelolepidas  are  all  crushed 
absolutely  flat,  but  in  the  case  of  the  large  Thelodus  Paget  from  the 
Forfarshire  Old  Red,  which  has  not  been  subjected  to  such  an 
extreme  degree  of  compression,  it  does  seem  to  me  that  there  is 
decided  evidence  of  flexibility,  as  well  as  thinness,  at  the  posterior 
external  angles  of  the  parts  which  I  have  supposed  to  represent  fins. 

Secondly,  Dr.  Smith  Woodward  objects  to  the  idea  of  ''  a  motile 
organ,  originally  used  for  balancing,  if  not  for  progression,  losing  its 
function,  not  by  atrophy,  but  by  conversion  into  a  rigid  structure 
continuous  with  its  base  of  support,"  a  phenomenon  for  which  he  has 
**  tried  in  vain  to  find  a  parallel  in  the  animal  kingdom." 

It  is  perhaps  a  bold  idea,  and  I  may  be  wrong,  but  let  us  look  for 
one  moment  at  the  case  of  the  Asterolepids  (Antiarcha  of  Cope). 
Dr.  Smith  Woodward  thinks  it  improbable  that  the  pectoral  members 
of  FteriehthjB  are  homologous  with  those  of  the  '  Class  Pisces,'  but 
there  they  are,  organs  which  must  have  been  used  for  progression, 
enclosed  in  rigid  plates,  though  provided  with  two  joints,  one  at 
the  junction  with  the  body  and  another  about  the  middle  of  the 
appendage  itself.  Dr.  Smith  Woodward  maintains,  however,  that 
ih»  fixed  pectoral  spines  ol  AcanthaspiSf  which  he  considers  to  be  an 
Asterolepid  or  Antiarchan,  are  homologous  with  the  moveable  <  arms ' 
of  Aaterolepia  or  Pieriehthys,  If  he  is  right  in  this,  would  there  not 
be  something  of  a  parallel  here,  unless  we  believe  that  the  fixed 
spine  has  been  the  original  condition  from  which  the  complex 
moveable  limb  of  Pterichthya  has  been  evolved,  which  is  not  very 
probable  ?  This,  of  course,  is  not  an  argument  upon  which  I  can 
insist,  seeing  that  I  personally  consider  Acanthaapia  to  be,  not  an 
Asterolepid,  but  a  Coccostean,  closely  related  to  Phlyctanaapia,  Traq., 
the  very  similar  pectoral  spine  of  which  Dr.  Smith  Woodward  was 
himself  the  first  to  observe.^ 

It  is,  however,  not  the  object  of  the  present  communication  to 
enter  into  an  exhaustive  discussion  of  the  disputable  questions  raised 
in  my  '  Silurian '  Memoir  and  in  Dr.  Smith  Woodward's  comments 
thereon,— <Aa<  I  must  defer  to  another  time  and  another  place.  My 
purpose  has  been  to  complete  the  description  of  the  remarkable 
Heterostracan  genus  Drepanaapia,  according  to  light  thrown  on  the 
subject  by  material  acquired  since  the  publication  of  the  memoir  to 
which  I  have  so  often  referred. 

'  In  Coeeott$ui  itself  the  pectoral  spine  is  so  small  that  in  my  description  of  the 
skeleton  of  C.  deeipwts  (Ann.  Mag.  Nat.  Hist.,  Feb.,  1890)  I  described  and  figured 
it  merely  as  a  process  of  the  interlateral  plate,  from  which  it  is,  howerer,  qnite 
distinct.  There  certainly  is  a  *  Bruststachel '  in  Coeeotteutf  but  as  it  is  not  only  Tory 
smaU,  but  absolutely  fixed,  it  can  hardly  be  called  a  '  Ruderorgan.' 
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III. — Om  TBS  Age  of  ths  Later  Dtkbs  of  AjfOLnsT. 
By  Edward  Grbbnlt,  F.G.S. 

THE  exifttenoe  in  Anglesey  of  a  series  of  dykes  later  than  most  of 
Uie  rooks  of  ihe  island  has  long  been  known.  Some  of  the 
more  oonspiouous  ones  were  described  by  Henslow,  many  more 
appear  on  the  map  of  the  G^logioal  Survey,  and  petrologioai 
descriptions  were  given  some  years  ago  (Gcol.  Mag.,  1887-88)  by 
Mr.  Marker. 

They  have  been  hitherto  regarded  as  of  Post-Carboniferous  but 
Pre-Permian  age,  on  the  ground  that,  while  traversing  the  GoaL- 
measures  of  the  Malldraeth  Marsh,  one  of  them  has  been  observed 
to  terminate  at  the  base  of  the  overlying  red  strata.  Sir  A.  C 
Bamaay  distinctly  states  that  this  evidence  is  derived  entirely  from 
the  old  coal-workings,  and  that  at  the  time  he  wrote  the  red  beds^ 
regarded  by  him  as  Permian,  were  nowhere  visible  at  the  surface. 
(«  Geol.  N.  Wales,"  2nd  ed.,  p.  266.) 

Now,  however,  some  of  the  red  beds  in  question  are  exposed  in 
the  bottoms  of  the  railway  cuttings  on  either  side  of  Holland  Arms 
Station.  The  sections  are  shallow,  the  cuttings  being  grassed  o^wr 
to  within  a  few  feet  of  the  bottom,  but  are  tolerably  clear  where 
Tisible.  The  rocks  seen  are  variable  red  sandstones  and  marls,  often 
green-mottled  with  occasional  thin  beds  of  harder  yellow  and  white 
sandstone  and  grey  shale.  While  some  of  the  types  are  such  as 
elsewhere  occur  in  the  true  Coal-measures,  others  are  of  well-known 
'  New  Bed '  aspect,  and  might,  as  far  as  lithologioal  characters  go, 
be  even  of  Triassic  age.^  They  closely  resemble  the  rocks  seen  on 
the  old  pit  spoil-banks,  among  which  I  have  found  red  sandstones 
with  secondary  outgrowths  of  quartz  showing  crystal  facets,  like  the 
well-known  rocks  of  Penrith  and  other  localities.  There  are  beds, 
moreover,  containing  fragments  of  chert  in  a  dolomitic  matrix,  and 
some  with  rolled  fragments  of  limestone ;  and  due  weight  must  still 
be  attached  to  the  statement  that  certain  faults  fail  to  traverse  these 
red  beds  in  the  old  coal-mines. 

It  appears,  then,  that  while  the  question  of  the  age  of  these  rooks 
cannot  be  regarded  as  settled,  there  is  no  fresh  evidence  to  upset, 
and  some  to  support,  the  view  of  Sir  A.  G.  Bamsay  that  they  are  of 
Post-Carboniferous  age. 

Now,  in  the  cutting  south-west  of  the  station,  these  beds  are  seen 
to  be  traversed  by  two  dolerite  dykes,  one  on  each  side  of  the 
Holyhead  Boad,  that  on  the  north-east  being  about  50  feet  and 
that  on  the  south-west  side  about  110  feet  in  width.  Their  intrusive 
relations  are  clear,  and  one  of  the  grey  shales  shows  small  spots 
and  is  perceptibly  indurated  near  the  dyke.  They  break  up 
spheroidally,  and  although  the  bulk  of  the  material  of  both  dykes 
is  quite  decomposed,  yet  the  spheroidal  cores  are  not  only  hard 
but  remarkably  fresh  and  well  preserved.      The    dyke    on    the 

'  Some  of  my  former  colleagues  of  the  Geological  Snryey,  who  have  lately  had 
much  experience  of  the  Red  Rocks  of  Sooth  Wales  and  the  Midlands,  landly 
examined  some  specimens  for  me. 
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north-east  side  of  the  road  is  seeo  onlj  in  the  catting,  bat  that  on 
the  south-west  side  (whidi  I  will  call  the  Holland  Arms  dyke) 
has  been  traced  to  the  E.S.E.  for  a  distance  of  more  than  a  qaarter 
of  a  mile,  retaining  all  its  peculiar  characters.  In  this  short 
distance  it  passes  from  the  red  rocks  of  the  cutting  across  a  faulted 
belt  of  Carboniferoas  Limestone,  then  across  a  narrow  belt  of 
Ordovician  shaleti,  and  from  these  into  mica-schists  belonging  to 
the  old  complex.  It  traverses,  indeed,  nearly  all  the  great  rock 
groups  of  Anglesey,  and  passes,  unaffected  so  far  as  can  be  seen, 
across  two,  if  not  three,  main  faults.  Moreover,  the  two  faults  in 
question  must  be  at  least  of  Post-Carboniferous,  and  if  Sir  A.  G. 
Kamsay's  view  be  correct,  of  Post-Permian  age. 

It  appears,  therefore,  that  the  dykes  must  be  of  much  later  date 
than  hfts  been  hitherto  supposed.     The  negative  evidence  of  the  old 

? it- workings,  that  they  belong  to  a  period  between  Carboniferous  and 
*ermian,  loses  its  value  in  face  of  the  positive  evidence  from  the 
railway  cutting,^  and  certainly  no  volcanic  episode  of  that  date  is 
known  elsewhere  in  Britain.  It  is  conceivable,  indeed,  that  they 
might  belong  to  the  Permian  period  itself,  but  this  is  very  unlikely, 
even  should  the  red  rocks  prove  to  be  Carboniferous.  No  such 
regular  system  of  N.W.-S.E.  dykes  is  known  in  the  Permian 
volcanic  groups,  and  in  any  case  we  should  hardly  expect  Permian 
dykes  to  pass  across  main  faults  of  Post-Carboniferous  date.  Now 
the  next  period  of  volcanic  activity  within  the  British  area  is  that  of 
Tertiary  time  (Geikie,  "  Ancient  Volcanoes  of  Great  Britain,"  vol.  ii, 
p.  107) ;  and  to  that  period,  therefore,  these  dykes  most  probably 
belong. 

In  addition  to  the  stratigraphical  considerations  above  set  forth, 
there  are  others  that  lend  support  to  this  view. 

The  petrological  characters  of  the  dykes  are  on  the  whole 
favourable  to  it  rather  than  otherwise.  While  the  majority  are 
somewhat  sub-basic  dolerites,  with  andesitic  selvages,  there  are 
a  certain  number  of  typical  ophitic  olivine-dolerites,  of  which  the 
Holland  Arms  dyke  is  one.  I  have  compared  a  slide  of  it  and  of  one 
of  the  less  basic  dykes  a  short  distance  away,  on  the  south  side  of 
the  Holyhead  Road,  near  the  old  Jerusalem  Inn,  with  a  number  of 
slides  of  Tertiary  dykes  in  the  Jermyn  Street  collection,  and  there  is 
no  difficulty  in  matching  them.  The  Holland  Arms  dyke  itself 
resembles  a  dyke  from  Goat  Island,  Raasay,  to  mention  a  particular 
instance. 

Mr.  Harker,  who  has  described  these  dykes  (Geol.  Mao.,  1887, 
p.  409  ;  1888,  p.  267 ;  also  "  Bala  Vole.  Series  Carnarv.,"  pp.  106-109, 
and  *<  Petrology  for  Students,"  2nd  ed.,  p.  129),  and  who  has  had 
exceptional  opportunities  for  studying  the  Tertiary  dykes  of  Skye, 
writes  me: — " Petrographical  analogies  would  seem  rather  to 
supjport  than  to  debar  such  a  conclusion  [viz.,  as  to  their  Tertiary 
age}.  The  Menai  Straits  dykes  are  for  the  most  part  andesitic 
dolerites  and  augite-andesites,  not  rocks  of  very  basic  composition, 

'  It  may  be  remarked  in  passing  that  the  statements  as  to  certain  faults  in  the 
coalfield,  ii  true,  lose  none  of  their  importance  as  eridenoe. 
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^nd  olivine  is  of  exceptional  occnrrenoe.  Dykes  and  other  intrasions 
of  the  Carboniferous- Permian  set  elsewhere  in  Britain  seem  to  be  in 
general  decidedly  basic,  and  usually  carry  olivine.  They  might  be 
matched  among  the  Tertiary  rocks  of  the  Western  Isles,  which  have 
a  very  considerable  range  of  composition,  basic  and  sub-basic ;  but 
the  Tertiary  dykes  of  the  North  of  England  are,  as  Teall  has  pointed 
out,  mainly  of  andesitic  nature." 

On  p.  215  of  *•  British  Petrography,"  Mr.  Teall  remarks  on  a  rock 
from  Holyhead  Island  as  "a  wonderfully  fresh  ophitic  olivine 
dolerite.  In  its  composition  and  state  of  preservation  it  differs 
so  markedly  from  the  '  greenstones '  and  approaches  so  closely  to 
many  of  the  Carboniferous  and  Tertiary  dolerites  that  one  is  inclined 
to  regard  it  as  a  rock  of  much  later  date." 

The  Holland  Arms  dyke  presents  two  opposite  extremes  with 
regard  to  state  of  preservation.  Much  of  the  rock  is  decomposed  to 
a  sand,^  and  yet  in  the  cores  of  the  spheroids  even  such  a  mineral  as 


Sccdc     SIX  inches     one  mile 
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Fio.  1. — Group  of  dykes  in  Mynydd  Llwydiarth. 
olivine  remains  intact  and  unserpentinized  to  a  degree  almost 
unknown  in  Pre-Tertiary  rocks.  Mr.  Barrow  tells  me  that  this 
condition  is  characteristic  of  the  Cleveland  dyke  when  traversing 
certain  beds  in  East  Yorkshire.  The  less  basic  dolerites  are  also  in 
general  very  well  preserved. 

In  their  strike  and  general  behaviour  in  the  field  these  dykes  closely 
resemble  those  of  the  West  of  Scotland ;  and  certain  parts  of  the 
maps  can  hardly  fail  to  at  least  suggest  to  the  mind  that  they  belong 
to  the  same  age  and  series  of  intrusions,  the  type  of  volcanic  action 
being  identical.  (Fig.  1.)  The  average  strike  is  about  N.W.-S.E., 
a  large  number  ranging  W.N.W.-E.S.E.,  and  a  few  in  a  more  N.-S. 

^  Denudation  alon^  this  soft  friable  material  probably  initiated  the  transverse 
ra?ine  on  the  south  side  of  the  Holyhead  Road  at  Holland  Arms. 
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direction.  The  '  solitaiy  '  and  '  gregarious '  habits  may  both  be 
«aid  to  be  represented.  The  Plas  Newydd  dyke  is  a  good  example 
of  the  solitary,  and  the  group  shown  in  Fig.  1  of  the  gregarious  type* 

Most  of  them  are  short,  or  at  any  rate  are  traceable  for  short 
distances  only,  the  longest  yet  mapped  being  the  large  dyke  that 
runs  from  Menai  Bridge  village  to  Castellor,  about  a  mile  and  three-- 
-quarters.  The  widest  is  the  Holland  Arms  dyke  itself,  110  feet,  but 
the  larger  dykes  of  Menai  Bridge,  which  average  about  50  feet,  ara 
more  typical  of  the  larger  dykes  of  the  island.  One  of  these  last  has 
been  quarried  for  road-metal  in  several  places,  and  the  abandoned 
quarries  remain  as  very  striking  trench-like  chasms,  one  of  which 
is  visible  from  the  Suspension  Bridge  among  the  houses  on  the 
fiorth-east  side.  It  may  be  observed,  moreover,  in  this  connection, 
that  these  dykes  furnish  the  principal  material  for  road-metal  in 
the  district. 

The  discontinuity  of  the  dykes  at  the  surface  is  not  wholly  due  to 
•concealment  by  drift,  but  can  in  certain  cases  be  shown  to  be  due  to 
failure  to  reach  the  existing  surface  of  the  ground.  Thus,  the  Menai 
Bridge  dyke  can  be  seen  to  be  interrupted  by  a  space  of  country  rook 
near  the  Church,  reappearing  after  a  few  yards.  A  small  dyke 
(about  2  feet  wide)  at  Cadnant  Creek  can  be  seen  to  terminate 
upwards  in  cross  section  (Fig.  2),  while  a  large  one  on  the  coast 


Fig.  2. — Upward  termiuatioii  of  dyke  at  Cadnant. 

«ear  Car^  Onen,  sufficiently  inclined  to  be  of  the  nature  of  a  sill 
(a  somewhat  rare  mode  of  occurrence)  is  partly  overlain  by  schist 
{Fig.  3),  and  disappears  wholly  underground  before  reaching  low- 
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Fio.  3. — Sketch  section  through  dyke  near  Careg  Onen. 

water  mark.  These  characteristics  were  observed  by  Henslow,  and 
are  illustrated  by  him  in  some  longitudinal  sections.  The  Castellor 
dyke  actually  stops  short  at  the  brow  of  the  hill  overlooking  the 
village  of  Menai  Bridge,  instead  of,  as  might  have  been  expected, 
being  still  better  exposed  in  the  lower  ground.  It  is  curious,  though 
perhaps  accidental,  that  the  Cleveland  dyke  is  known  to  behave  in 
a  similar  manner  (see  Geikie,  ''Ancient  Voles.  Gt  Brit.,"  vol.  ii, 
pp.  147-150).  Tet,  in  spite  of  phenomena  like  these,  dykes  cross  the 
summit  of  Mynydd  Llwydiarth  at  a  height  of  500  feet  above  the  sea. 
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If  the  views  advocated  in  this  paper  be  adopted,  considerable 
interest  will  attach  to  these  rooks.  The  only  igneous  rock  hitherto 
recognized  as  Tertiary  in  this  country  to  the  south  of  the  Cleveland 
dyke  is  a  solitary  dyke  which  traverses  the  red  rocks  of  Stafifordshire. 

But  these  Anglesey  dykes  are  a  large  and  important  system, 
much  more  important  than  has  been  generally  supposed.  They  do 
not  give  rise  to  conspicuous  features  of  any  kind,  and  easily  escape 
notice,  so  that  few  of  them  have  been  hitherto  recorded,  except  on 
certain  parts  of  the  coast.  But  within  the  space  comprised  in  the 
one-inch  sheets  94  and  106  (i.e.  east  of  a  line  drawn  from  Pentraeth 
to  near  Plas  Newydd)  I  have  met  with  no  less  than  131.  A  large 
g^oup  also  occurs  about  Holland  Arms  itself;  and  though  they  are 
less  numerous  in  the  centre  of  the  island,  a  good  many  still  appear, 
and  of  the  same  general  type  as  those  near  the  Straits;  while 
Mr.  Teall's  remark  above  quoted  shows  that  they  also  occur  in  the 
Holyhead  area,^  They  are  most  numerous  of  all  in  the  rocky  tract 
known  as  Mynydd  Llwydiarth  (in  Sheet  94),  where  47  occur  within 
a  space  of  a  square  mile.  But  there  is  good  reason  to  believe  that 
they  are  as  plentiful  in  the  drift-covered  areas  as  elsewhere,  for  the 
number  of  boulders  they  have  furnished  to  the  drift  is  out  of  all  pro- 
portion to  the  known  exposures,  even  allowing  for  their  durability. 
Without  supposing,  however,  that  they  are  everywhere  as  numerous 
as  on  Mynydd  Llwydiarth,  it  is  not  improbable  that  they  average 
as  many  as  ten  to  the  square  mile  in  Sheets  94  and  106,  which 
estimate  is  as  high  as  that  given  by  Necker  for  the  island  of  Arran 
(Oeikie,  op.  cit,  p.  124). 

Volcanic  activity  thus  appears  to  have  been  exerted  in  Tertiary 
times  not  only  in  North  but  in  certain  parts  also  of  South  Britain, 
and  this  serves  to  bring  the  British  phenomena  perceptibly  nearer 
to  those  of  the  Continent.  And  if  the  phonolite  of  the  Wolf  Rock 
be,  as  would  seem  most  probable,  of  Tertiary  age,  yet  another 
link  is  added  to  carry  us,  in  Tertiary  time,  across  the  tract  of 
quiescence  which  still  separates,  though  now  even  more  widely 
than  then,  the  volcanic  regions  of  Northern  from  those  of  Central 
and  Southern  Europe. 

IV.  —  On    somb    Minor   British    Earthquakes    of   thb    Years 

1893-1899. 

By  CHAaLBS  Davison,  Sc.D.,  F.G.S. 

{Concluded  from  the  March  Number,  p.   115.) 

Cornwall  Earthquake :  Aug.  27,  1895. 

THIS  slight,  though  not  uninteresting,  earthquake  was  of  intensity 
4,  and  occurred  at  about  12.30  p.m.     I  have  20  records  from  19 
places,  and  negative  records  from  2  places. 

The  earthquake  is  chiefly  remarkable  for  its  small,  but  elongated, 
disturbed  area  (Fig.  2),  which  is  6  miles  long,  nearly  2  miles  broad, 

^  Some  basic  dykes  recently  described  from  the  north  of  the  island  do  not  appear 
to  belong  to  the  same  series.  (See  C.  A.  Matley,  Abstract  Proc.  Geol.  Soc., 
Jan.  10,  1900,  and  discnsBion.) 
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and  contaittfl  only  9  square  miles.  The  direotion  of  its  longer  axis 
i«  K  6^  N.  and  W.  6°  S.  The  centre  of  the  area  is  J  mUe  nortk 
of  Blisland. 

The  shock  was  felt  ai  13  places.  The  sound  was  heard  at  all  of 
these,  and  at  6  other  places,  4  of  which  lie  outside  the  disturbed 
area.  The  sound-area  overlaps  the  disturbed  area  both  to  the  north 
and  south,  but  whether  towards  the  east  and  west  as  well  is  doubt* 
f nl ;  for,  owing  to  the  scarcity  of  observations,  it  is  impossible  to 
trace  the  boundary  of  the  sound-area. 
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Fxo.  2.— Cornwall  Earthquake :  Aug.  27,  1895. 

In  all  parts  of  the  disturbed  area,  the  shock  was  merely  a  slight 
tremor,  a  shaking  like  that  experienced  on  a  bridge  when  a  heavy 
weight  is  passing  over  it.  At  Greenbarrow,  the  earthquake  was 
noticeable  first  as  a  low  rumbling  sound,  growing  louder  until  it 
resembled  an  explosion  of  gunpowder,  causing  a  slight  trembling  of 
the  floor  and  a  little  shaking  of  the  furniture  in  the  room. 

The  sound  is  described  in  15  records,  the  comparisons  being  to 
passing  trains,  etc.,  in  33  per  cent,  of  the  number,  to  thunder  (a  long 
low  peal  of  thunder)  in  47  per  cent,  and  to  explosions  in  20  per 
cent  The  beginning  of  the  sound  generally  coincided  with  that 
of  the  shock,  and  the  end  of  the  sound  either  coincided  with,  or 
followed  immediately,  the  end  of  the  shock.  The  epochs  of  maximum 
intensity  of  both  sound  and  shook  coincided,  as  is  the  rule  in  weak 
earthquakes.  Several  observers  noticed  a  change  in  the  character  of 
the  sound  at  the  time  when  it  was  loudest  l*his  is  shown  in  the 
record  from  Greenbarrow  quoted  above.  The  evidence  of  an  observer 
at  Tregaddick  is  also  worth  giving.  ''  The  sound,"  he  says,  **  was 
like  that  of  an  artillery  waggon  being  trotted  up  to  the  house,  and, 
when  it  apparently  had  arrived  at  the  house,  there  was  a  noise  as  if 
two  large  stones  were  crunched  against  each  other." 

Origin  of  the  Earthquake. — The  only  element  of  the  originating 
fault  that  can  be  determined  is  its  average  direction,  which  is 
E.  6^  N.  and  W,  5°  S.    The  (Jeological  Survey  map  shows  no  fault 
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liDywhere  near  the  disturbed  area.  Not  far  distant^  however,  there 
are  several  series  of  elvan  dykes  which  have  almost  this  direotioiu 
The  broken  lines  on  the  map  represent  one  of  these  series,  and  if  one 
of  the  dykes,  especially  either  of  those  which  nearly  coincide  with 
the  southern  boundary  of  the  disturbed  area,  should  happen  to  run 
aloDg  a  fault  hading  towards  the  north,  it  would  satisfy  all  the 
conditions  required  by  the  seismic  evidence. 

llie  seismic  focus  must  have  been  about  4  miles  in  length,  and 
the  displacement  throughout  extremely  small.  That  the  part  from 
which  the  more  prominent  vibrations  came  was  a  narrow  band  is 
evident  from  the  small  breadth  of  the  disturbed  area.  The  extension 
of  the  sound-area  on  both  sides  of  the  disturbed  area  shows,  I  think, 
that  the  sound-vibrations  came  from  the  lower,  as  well  as  from  tho 
upper,  margin  of  the  focus ;  in  other  words,  that  the  displacement 
died  out  downwards  as  well  as  upwards  and  laterally. 

Cornwall  Earthquake  :  Jan.  26,  1896. 

The  earthquake  was  a  very  slight  one,  of  intensity  3  or  nearly 
4.  It  was  felt  at  6.60  a.m.  The  number  of  records  is  36  from 
30  places,  in  addition  to  which  there  are  negative  records  from 
20  places. 

The  disturbed  area  is  12  miles  long  and  8^  miles  broad,  and 
contains  86  square  miles.  The  direction  of  the  longer  axis  is  east 
and  west,  and  the  centre  of  the  area  lies  1^  miles  S.  42^  E.  of 
Launceston. 
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Fio.  S.^Comwall  Earthquake :  Jan.  26,  1896. 

The  shock  was  felt  at  14  places.  At  all  of  these  the  sound  was 
heard,  as  well  as  at  10  places  where  the  shock  was  not  felt,  and 
at  6  others  where  no  mention  of  the  shock  is  made.  The  sound-area 
is  15  miles  long  and  10  miles  broad,  and  includes  124  square  miles. 
Its  longer  axis  is  directed  east  and  west,  and  Is  thus  parallel  to  that 
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of  the  disturbed  area.  The  centre  is  1|  miles  S.  12"^  £>.  of  Latinoeetou, 
and,  as  will  be  seen  from  the  map  (I^lg.  3),  the  sound-area  overlaps 
the  disturbed  area  by  3  miles  towards  the  west  and  by  1^  miles 
towards  the  south. 

Yery  few  observers  describe  the  shock.  It  was  clearly  a  mere 
tremor,  a  dull  shiver  according  to  one,  and  a  movement  such  as 
is  produced  in  a  building  by  a  heavy  peal  of  thunder  according 
to  another. 

The  sound  was,  as  usual,  a  far  more  prominent  feature  of  the 
earthquake.  Comparisons  to  well-known  sounds  are  made  in 
30  cases,  in  27  per  cent  of  these  to  passing  waggons,  etc.,  in  57 
per  cent  to  thunder,  and  generally  distant  thunder,  and  in  17  per 
cent  to  explosions,  which  were,  however,  either  prolonged  or 
followed  by  a  rumbling  noise.  Thus,  the  sounds  must  in  ail  parts 
have  lasted  several  seconds. 

Origin  of  the  Earthquake. —  The  longer  axis  of  the  disturbed 
area  and  sound -area  agree  in  assigning  an  east  and  west  direction 
to  the  originating  fault  Its  hade  must  be  to  the  north,  for  the 
disturbed  area  is  overlapped  by  the  sound-area  towards  the  south. 
The  fault-line  must  therefore  pass  a  short  distance  to  the  south  of 
the  centre  of  the  disturbed  area,  possibly  not  very  far  from  Duntertou, 
Landue,  and  Lezant. 

The  horizontal  length  of  the  seismic  focus  must  have  been  about 
5  miles,  but  the  extension  of  the  sound-area  towards  the  west  shows 
that  the  western  margin  of  the  focus  was  much  longer  than  the 
eastern  margin.  The  displacement  throughout  the  whole  focus  was 
very  small,  and  not  much  greater  than  that  which  will  produce  the 
sensation  of  sound. 

In  this  case,  again,  the  Geological  Survey  map  provides  no  fault  in 
the  required  position ;  but  the  early  date  of  the  survey  should 
be  borne  in  mind.  To  the  south  of  the  disturbed  area  there  are, 
however,  numerous  mineral  veins  and  el  van  dykes,  all  of  which  run 
east  and  west,  and  therefore  parallel  to  the  earthquake-fault  If  the 
district  were  to  be  carefully  re-surveyed,  a  fault  would  no  doubt 
be  discovei-ed  that  would  satisfy  all  the  seismic  conditions. 

Annandale  JSarthquahe :  May  29,  1896. 

The  disturbed  area  of  this  earthquake  occupies  a  more  populous 
part  of  Annandale  than  those  of  the  shocks  felt  on  March  8  and 
May  14,  1894.  The  number  of  records  which  1  possess,  is,  however, 
small,  only  15  from  14  places ;  but  there  are  several  other  places 
from  which  negative  records  have  come.  The  time  of  occurrence, 
as  determined  by  a  signalman  at  Castlemilk  station,  was  4.47  a.m. 

The  shock  was  distinctly  felt  at  7  places  which  lie  within  an 
area  roughly  circular  in  form  and  about  6  miles  in  diameter.  The 
centre  of  the  area  is  in  lat  65°  6'  N.  and  long.  3°  17'  W.,  and  is 
equally  distant  (3  miles)  from  Lockerbie,  Ecclefechan,  and  Minsca. 
The  sound  alone  was  observed  at  several  places  outside  the  boundary ; 
at  Craighouse  close  to  the  boundary  on  the  south-east  side,  Dormont 
1}  miles  to  the  south-west,  and  Gorsegreen  3  miles  to  the  west 
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Also  at  Castleo'er,  6  mUeB  to  the  north-east,  the  soaud  was  heard  hy 
two  persons,  and  a  faint  tremor  was  felt  hy  one  of  them.  Probahly 
all  of  these  ohservations  refer  to  the  earthquake. 

The  shock  la6ted  ahoot  3  seconds,  and  was  a  mere  qniver  of 
intensity  4  at  places  close  to  the  boundary  above  mentioned,  which 
may  therefore  be  regarded  as  an  isoseismal  of  that  intensity.  Six 
observers  compare  the  sound  to  some  well-known  type — three 
to  distant  thunder  and  three  to  the  rumble  of  a  passing  cart  or 
wi^gon. 

On  the  Gkologioal  Survey  map  of  the  district,  there  is  no  fault 
marked  anywhere  near  the  required  position.  If  the  earthquake 
were  due  to  a  fault-slip,  the  approximate  circularity  of  the  disturbed 
area  and  the  short  duration  of  the  shock  show  that  the  length  of  the 
seismic  focus  was  small. 

Olen  Nevis  Earthquake:  June  5,  1896. 

A  slight  shock  was  felt  at  an  early  hour  in  the  morning,  being 
strongest  at  Achreach.  No  mention  is  made  of  any  sound  accom- 
panying the  shock,  but  the  account  is  very  brief  {North  British 
Daily  Mail,  Glasgow,  June  6).  One  of  the  seismographs  at  the 
Low-level  Observatory  at  Fort  William  is  said  to  have  shown 
a  very  doubtful  indication  of  the  shock.  The  earthquake  may  have 
been  due  to  a  slip  of  the  Highland  fault,  but  there  is  no  proof 
whatever  of  such  an  origin.  If  there  were,  it  would  of  course 
furnish  another  indication  that  the  hade  of  the  fault  in  this  district 
is  to  the  south-east 

BuUand  Earthquake :  Jan.  28,  1898. 

A  slight  shock  of  intensity  3  was  felt  about  10.5  p.m.  over 
nearly  the  whole  of  Butland  and  in  small  portions  of  the  adjoining 
counties  of  Lincoln,  Leicester,  and  Northampton.  I  have  received 
40  records  of  the  earthquake  from  26  places.  For  more  than 
half  of  these  accounts  I  am  indebted  to  Mr.  F.  Coventry,  of 
Duddington,  who  very  kindly  made  many  inquiries  and  distributed 
a  number  of  my  forms  in  different  parts  of  the  disturbed  area. 

In  the  map  of  the  earthquake  (Fig.  4),  the  boundary  of  the 
disturbed  area  is  represented  by  a  continuous  line  and  that  of 
the  sound -area  by  a  dotted  line.  Of  the  two  the  latter  is  probably 
the  more  accurately  drawn,  but  it  is  impossible  to  feel  much 
confidence  in  either,  on  account  of  the  small  number  of  determining 
places  and  the  want  of  negative  records.  I  made  many  inquiries, 
however,  in  the  surrounding  district,  and  the  absence  of  replies  is 
probably  equivalent  to  non-observance  of  the  shock  or  sound. 

The  disturbed  area,  as  mapped,  is  15  miles  long,  12^  miles  broad, 
and  contains  142  square  miles.  Its  longer  axis  is  directed  N.  27^  W. 
and  S.  27^  £.  The  sound-area  overlaps  the  disturbed  area  by  about 
a  mile  towards  the  south  and  three-quarters  of  a  mile  towards  the 
east ;  its  linear  dimensions  being  16  miles  and  13^  miles,  and  its 
area  165  square  miles.  The  centre  of  the  disturbed  area  is  If  miles 
E.N.E.  of  Oakham  and  coincides  nearly  with  the  village  of  Burley. 
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Wherever  the  earthquake  was  observed  the  soand  was  a  far  more 
prominent  feature  than  the  shook.  The  movement,  when  felt,  was 
merely  a  faint  vibration  in  the  middle  of  the  rumbling  noise.  In 
e  few  plaoes  it  made  glasses  and  orockery  jingle  slightly. 
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Fio.  4.— Katland  Earthquake :  Jan.  28,  1898. 

With  the  exoeption  of  one  village,  in  which  the  omission  is 
probably  accidental,  the  sound  was  heard  at  every  place  where 
the  earfiiquake  was  observed.  Its  gradual  rise  and  fall  in  intensity 
Are  perhaps  responsible  for  the  frequent  references  to  the  passing  of 
a  heavy  carrier's  van,  a  train  rushing  over  a  long  iron  bridge,  or 
heavy  barrels  rolled  on  pavement  underneath  the  house.  The 
•ound  is  also  compared  to  thunder  or  the  continued  tipping  of 
a  oartload  of  bricks.  Every  one  of  the  ordinary  types  of  earthquake 
«oond  is,  however,  employed,  reference  being  made  to  passing 
waggons  in  40  per  cent,  of  the  records,  to  thunder  in  34  per  cent., 
wind  in  3,  the  tipping  of  a  load  of  stones  in  1 1,  the  fall  of  a  heavy 
body  in  3,  explosions  in  3,  and  to  miscellaneous  sounds  in  6  per  cent. 
The  average  duration  of  the  sound  appears  to  have  been  about  5 
or  10  seconds;  that  it  was  not  inconsiderable  is  evident  from  the 
frequent  use  of  the  longer  types  of  comparison. 

Origin  of  the  Earthquake.—lt  is  difficult  to  locate  the  originating 
faolt  with  precision.  Its  general  direction  would  appear  to  be  about 
N.N.W.  and  S.S.E.  The  overlapping  of  the  sound-area  towards 
the  east  indicates  that  the  fault  hades  to  the  west,  as  the  sound- 
vibrationi  in  the  protruding  part  would  oome  chiefly  from  the 
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npper  margin  of  the  focus.  Thus,  the  fiAult-line  should  traverse 
the  district  between  the  centre  of  the  disturbed  area  and  its  eastern 
boundary. 

The  faults  of  the  district  have  been  mapped  by  Professor  Judd 
and  described  in  his  well-known  memoir.^  The  more  important 
ones  have  a  W.  by  N.  and  E.  by  S.  direction,  with  throws  in  some 
places  of  not  less  than  150  feet  towards  the  north.  The  two  chief 
faults  are  the  Billesden  and   Loddington  fault  (traced  for  about 

7  miles)  and  the  Tinwell  and  Walton  fault  (about  14  miles  in 
length),  and  between  them  are  several  others  which  have  a  parallel 
direction.  Eunning  transversely  to  these  east  and  west  faults  are 
a  number  of  others  of  smaller  throw  and  with  a  general  north  and 
south  direction,  apparently  representing  cross  fractures.  A  group 
of  these  is  shown  in  the  south-east  corner  of  the  map ;  one  of  which, 
passing  by  Retton  and  Duddington,  can  be  trcused  for  a  distance  of 

8  miles.  Its  throw  seems  to  be  greatest  in  the  central  part  of  its 
course,  to  the  west  of  Collyweston ;  near  Duddington  it  probably 
amounts  to  about  40  or  50  feet  At  its  north  end  it  bends  round 
to  a  north-westerly  direction,  and  in  this  part  its  hade  is  evidently 
towards  the  west.  The  most  easterly  fault  of  the  group  runs  about 
N.N.W.  and  S.S.E. 

*'  That  the  faults  mapped  and  described  include  all  which  traverse 
the  area,"  Professor  Judd  remarks,  "  is  by  no  means  probable. 
Over  considerable  areas  clays  of  enormous  thickness  prevail  without 
any  well-defined  hard  beds,  and  among  these  it  would  be  impossible 
to  detect  dislocations  while  running  the  geological  lines  ;  other  large 
areas  are  hopelessly  concealed  from  our  observation  by  thick  masses 
of  Boulder  Clay,  and  of  some  of  the  faults  actually  detected  it  is  not 
possible  to  trace  more  than  a  small  part  of  their  course,  owing  to  the 
same  causes.*'     (p.  259.) 

Possibly  this  may  account  for  the  termination  on  the  map  of  the 
Ketton  and  Duddington  fault  towards  the  north,  just  after  it  crosses 
the  river  Wash  and  enters  a  mass  of  Lincolnshire  Oolite.  If  the 
fault  does  not  really  end  at  this  point,  but  is  continued  roughly  in 
a  N.N.W.  direction,  it  would  satisfy  all  the  conditions  implied  by  the 
seismic  evidence.  Whether  it  be  to  a  slip  of  this  fault,  or  of  another 
transverse  fault  not  shown  on  the  Survey  map,  that  the  earthquake 
was  due,  it  is  clear  that  the  displacement  must  have  been  very  small 
to  produce  so  slight  a  shock.  The  horizontal  length  of  the  focus  may 
have  amounted  to  two  or  three  miles,  and  the  displacement  probably 
died  out  more  slowly  towards  the  south,  giving  rise  to  a  broader 
lateral  margin,  and  thus  causing  the  sound-area  to  overlap  the 
disturbed  area  in  that  direction. 

Comrie  Earthquake:  Aug.  22,  1898. 

To  the  seismologist,  the  recent  Comrie  earthquakes  are  of  interest 
as  members  of  a  long  series  of  shocks  and  sounds,  now  perhaps 
drawing  for  the  present  to  a  close.    To  the  geologist,  they  may  be  of 

I  <«The  Geology  of  Rntiand'* :  Geol.  Surr.  Mem.,  1875,  pp.  256-269. 
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Talae  from  the  evidence  tbey  furnish  with  regard  to  the  hade  of  the 
great  fault  which  forms  the  southern  boundary  of  the  Highlands* 
The  study  of  a  slight  shook,  which  occurred  on  July  12, 1895,  led  to 
the  inference  that,  in  the  neighbourhood  of  Comrie,  the  fault  hades 
to  the  north-west ;  ^  and  the  still  feebler  shook  of  Aug.  22,  1898, 
supplies  additional  evidence  in  favour  of  this  conclusion. 

Many  persons  in  the  Comrie  district  seem  inclined  to  refer  the 
recent  shocks  to  a  desire  to  keep  up  the  historic  reputation  of  the 
village ;  and  the  exaggerated  reports  which  have  appeared  in  several 
newspapers  certainly  offer  some  excuse  for  this  scepticism.  More- 
over, the  weather  on  the  last  occasion  was  warm  and  sultry,  the 
sound-area  is  very  small,  and  it  is  therefore  natural  that  many,  wha 
did  not  hear,  or  only  just  heard,  the  sound,  should  regard  it  as  due 
to  a  peal  of  distant  thunder.  The  seismic  character  of  the  dis- 
turbance cannot,  however,  be  doubted  after  a  cai-eful  study  of  all  the 
evidence.  The  shock  itself  was  felt  by  several  persons  (by  two,  as 
a  vertical  movement),  the  sound  was  evidently  of  underground 
origin,  and  other  observers  who  are  well  acquainted  with  the  tremors 
and  earth-sounds  of  the  district  felt  no  hesitation  in  ascribing  the 
sound  to  that  of  an  earthquake  too  slight  to  be  felt  in  all  parts  of  the 
area  affected. 

The  following  account  is  based  on  14  records  from  8  places,  and 
on  statements  that,  at  12  other  places,  no  sign  of  the  earthquake  was 
perceived. 
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Fio.  6.— Comrie  Earthquake :  Aug.  22,  1898. 

The  earthquake  occurred  at  about  7.15  a.m.  The  shock,  which 
was  of  intensity  3,  was  felt  only  at  Clathick,  by  three  or  four 
persons,  and  possibly  by  one  person  on  the  adjoining  estate  of 
Lawers.  At  Clathick,  three  distinct  movements  upwards  and  down- 
wards were  felt,  as  of  heavy  blows  struck  on  the  ground  immediately 
beneath,  lasting  about  3  seconds.     The  sound  was  compared  by  four 

1  Gbol.  Mao.,  Vol.  Ill,  1896,  pp.  76-79. 


Digiti 


zed  by  Google 


172        Dr.  C.  Dapison— British  Earthquakes,  1893-99. 

persons  to  distant  thunder,  and  by  one  each  to  a  cart  coming  up  the 
road,  to  coals  turned  out  of  a  cart,  and  to  a  distant  quarry-blast 

The  bonndary  of  the  sound-area  is  represented  on  the  map  (Fig.  5) 
by  the  continuous  line ;  but,  on  account  of  the  small  number  of 
observations,  it  cannot  be  regarded  as  very  accurate,  especially  to 
the  east  of  Olathick.  The  area,  as  drawn,  is  Sf  miles  long,  8  miles 
broad,  and  contains  9  square  miles.  Its  centre  is  one  mile  E.  27^  N. 
of  Comrie. 

Connection  with  the  Earthquakes  of  1894  and  1895.— The  epi- 
centres of  all  three  earthquakes  lie  on  the  north-west  side  of  the 
great  fault,  whose  course  is  indicated  by  the  broken  lines  on  the 
map.  The  dotted  line  represents  the  isoseismal  3  of  the  earthquake 
of  1895.  As  we  have  seen,  the  epicentre  of  the  1894  earthquake  was 
dose  to  Comrie ;  in  1895,  the  epicentre  must  have  been  a  mile  or 
more  in  length,  with  its  middle  point  a  quarter  of  a  mile  south-west 
of  Comrie.  Thus,  while  the  first  two  earthquakes  originated  in 
nearly  the  same  region  of  the  fault,  the  slip  which  caused  the  earth- 
quake of  1898  took  place  at  a  spot  about  a  mile  further  to  the  north- 
east, and  apparently  just  outside  the  foons  of  the  preceding  shock. 

As  the  epicentres  must  lie  on  the  side  towards  which  the  fault 
hades,  the  three  earthquakes  agree  in  showing  that,  near  Comrie, 
the  hade  is  to  the  north-west. 

Glen  Garry  Earthquake :  Dec,  18,  1899. 

As  the  records  for  these  and  preceding  years  have  shown,  slight 
earthquakes  are  not  uncommon  in  the  west  of  Inverness-shire,  in 
Glen  Garry  and  the  tributary  glens,  but  none  seem  to  have  been 
felt  for  more  than  five  years,  between  Sept.  18,  1894,  and  the  above 
date,  when  a  stronger  shook  than  usual  occurred.  It  was  felt  at 
about  6.50  a.m.  at  Glenquoich,  Glenkingie,  Lochournhead,  Camioh, 
and  even  as  far  as  Corran  (Amisdale,  in  Glenelg),  but  the  limits  of 
the  disturbed  area  cannot  be  ascertained  owing  to  the  scanty 
population  of  the  district.  On  the  south  side  of  Loch  Quoich  the 
intensity  of  the  shock  was  about  5.  At  Glenquoich  a  sound  was 
heard  like  distant  thunder,  getting  louder  till  the  house  trembled, 
and  then  the  sound  died  away  as  it'  a  carriage  had  passed  ;  the  sound 
lasted  fully  17  seconds.  In  a  neighbouring  part  of  the  glen,  the 
sound  was  compared  to  a  chimney  on  fire  and  afterwards  to  a  very 
heavy  carriage  passing  over  an  iron  bridge,  and  at  Glenkingie  to 
a  flock  of  sheep  rnsliing  over  hard  ground. 

For  the  notices  on  the  Glen  Garry  earthquakes  descril)ed  in  this 
paper  I  am  indebted  to  the  kindness  of  Mr.  D.  Grant,  of  Glenquoich, 
Mr.  A.  M.  G.  Foster,  of  Glenkingie,  and  Mr.  M.  Matheson,  of 
Ardochy,  three  very  careful  observers,  who  for  many  years  have 
paid  close  attention  to  the  subject.  The  value  of  their  work  can 
hardly  be  overestimated. 

Doubtful  and  Spurious  Earthquakes. 

Monmouthshire,  etc, :  Jan.,  1893.  —  In  two  letters  in  Nature 
(vol.  xlvii,  1893,  pp.  247,  270),  Mr.  E.  J.  Lowe,  F.R.S.,  describes 
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a  aeries  of  slight  shocks.  On  the  3rd  inst  he  was  sitting  in 
a  railway  carriage  placed  in  siding  at  Severn  Junction  station. 
At  2.15^  p.m.  he  felt  a  sensible  upward  movement  of  the  seat  (as 
if  poshed  from  below)  and  saw  the  carriage  sway.  The  movement 
was  from  south  to  north,  i.e.  at  right  angles  to  the  railway,  and  was 
repeated  four  times  in  about  six  seconds.  At  2.17  p.m.  there  were 
two  weaker  movements.  There  was  no  train  at  the  station,  and  the 
air  was  calm.  Ice  in  the  neighbourhood  was  said  to  have  been 
cracked  at  the  time.  On  Jan.  4,  at  11  a.m.,  a  heavy  plant  stage  in 
a  greenhouse  at  Itton  Court,  near  Chepstow,  was  seen  by  two 
gentlemen  to  move  four  times.  On  Jan.  5,  between  2  and  3  (?)  p.m., 
and  again  on  the  6th  a  little  earlier,  a  rumbling  noise  was  heard  on 
the  Black  Mountains  near  Llanthony  Monastery.  On  Jan.  14, 
at  6.55  p.m.,  a  shock,  lasting  more  than  a  second,  was  felt  at 
Golesford  (in  Gloucestershire,  a  few  miles  from  Monmouth)  by 
a  gentleman  who  had  had  experience  of  earthquakes  in  Japan. 

Much  fuller  evidence  than  is  here  given  would  be  required  to 
establish  the  seismic  character  of  these  disturbances.  An  earthquake- 
shock  strong  enough  to  cause  a  sensible  upward  movement  like  that 
felt  on  Jan.  2  would  be  noticed  over  an  area  of  many  square  miles, 
and  could  not  fail  to  have  attracted  the  attention  of  other  persons. 
The  rumbling  noises  near  Llanthony  may  have  been  due  to  other 
natural  or  to  artificial  causes.  It  is  clear  that  they  cannot  be  placed 
in  the  same  category  as  the  Glen  Garry  earth-sound  of  Dec.  11, 
1893,  or  the  Fort  William  earth-sound  uf  Jan.  9,  1895.  In  only 
one  case  were  there  two  observers,  and  they  were  in  the  same  house. 
I  think,  therefore,  that  the  evidence  is  insufficient  to  enable  us  to 
regard  them  as  other  than  doubtful,  if  not  spurious,  earthquakes. 

Isle  of  Man:  May  5-6,  1893. — A  number  of  shocks  were  felt  at 
nearly  regular  intervals  on  the  days  noticed,  but  there  can  be  little, 
if  any,  doubt  that  they  were  due  to  the  firing  of  heavy  guns  from 
H.M.S.  "Neptune"  (see  Nature,  vol.  Ix,  1899,  p.  139). 

Comrie:  Feb.  27,  1894. — Reports  of  an  earthquake  on  this  day 
appeared  in  several  daily  papers,  but  were  at  once  contradicted  in 
the  two  jouiiials  published  in  Crieff.  It  is  certain  that  an  earth- 
quake felt  also,  as  alleged,  at  Ardoch  and  Buchanty  (more  than 
8  and  10  miles,  respectively,  from  Comrie)  would  have  been  widely 
observed.  The  weather,  moreover,  was  stormy,  and  sevei'al  peals 
of  thunder  were  heard  at  the  time  at  Comrie. 

West  Cornwall:  May  29,  1896. — According  to  a  paragraph  in 
the  Standard  for  the  following  day,  a  slight  earthquake -shock  was 
felt  in  "West  Cornwall  at  6.55  a.m.,  and  men  on  their  way  to  work 
at  the  Camborne  Mines  felt  the  vibrations  distinctly.  I  made  many 
inquiries  in  the  district,  but  none  of  my  correspondents  had  met 
with,  or  heard  of,  any  observer  of  the  supposed  earthquake.  I  do 
not  think,  therefore,  that  any  reliance  can  be  placed  upon  the  report. 

Through  the  kindness  of  several  correspondents  1  have  received 
reports  of  supposed  earthquakes,  but  as  I  have  been  unable  to  obtain 
corroborative  evidence,  I  have  confined  myself  to  noticing  those 
which  are  recorded  in  journals  that  future  seismologists  would  b» 
likely  to  consult 
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JEarth'Shahes  in  Mining  Districts. 

Under  this  heading  are  included  several  shocks  which,  it  is 
possible,  may  be  of  artificial  origin,  and,  if  so,  ought  to  be  regarded 
as  spurious  earthquakes.  Formerly,  I  should  have  so  considered 
them,  but  another  explanation  has  recently  occurred  to  me ;  and,  if 
it  be  correct,  it  will  be  evident  that  they  are  partly  artificial  and 
partly  natural  in  their  origin.  It  therefore  seems  desirable  to 
•consider  them  separately. 

Bhondda  Valley, — The  shocks  referred  to  are  frequently  felt  in 
the  Rhondda  Valley  in  Glamorganshire.  One  occurred  on  June  22, 
1889,^  and  there  have  been  at  least  three  others  within  the  period 
embraced  by  this  paper,  on  April  11  and  May  2,  1894,  and 
October  16,  1896.  Judging,  however,  from  the  expressions  used 
by  several  of  my  correspondents,  it  is  probable  that  these  are  the 
dates  of  only  the  more  important  movements. 

The  shock  which  occurred  on  April  11,  1894,  at  about  2.40  a.m., 
is  described  as  one  of  the  severest  recently  felt  in  the  district ;  and, 
ranking  every  allowance  for  exaggeration  in  the  accounts,^  there  can 
be  no  doubt  as  to  its  intensity.  At  one  or  two  places  it  cannot  have 
been  less  than  5,  that  is  to  say,  it  must  have  been  the  strongest 
«hock  considered  in  this  paper.  Two  loud  reports,  like  those  of 
•cannon,  were  heard  in  quick  succession,  and  at  the  same  moments, 
or  immediately  afterwards,  sharp  vibrations  were  felt.  They  seem  to 
have  been  almost  equally  distinct  underground,  for  in  several  pits 
the  miners  rushed  to  the  bottom  of  the  shaft,  thinking  that  a  violent 
explosion  had  occurred.  Notwithstanding  the  strength  of  the  shock, 
however,  the  disturbed  area  was  very  small.  So  far  as  1  have  been 
able  to  ascertain,  its  boundary  is  almost  exactly  circular,  about  5 
miles  in  diameter,  and  with  its  centre  \  mile  east  of  Forth. 

The  second  shock  took  place  about  noon  on  May  2,  1894,  and 
seems  to  have  originated  in  the  same  district.  At  the  surface  it 
must  have  been  much  slighter  than  the  preceding  shock;  but 
underground  it  produced  similar  effects,  miners  in  the  same  pits 
again  leaving  their  work  to  escape  from  what  appeared  to  be  an 
explosion. 

On  October  16,  1896,  the  district  affected  was  a  very  small  one, 
not  more  than  a  mile  in  diameter,  including  Ystrad  -  y  -  fodwg, 
Pentre,  Ton,  and  Qelli.  At  about  11  p.m.  a  loud  boom,  like  the 
muffled  sound  of  blasting,  was  heard,  followed  by  a  brief  shaking. 
The  sensation  is  described  by  most  as  like  that  experienced  in 
a  room  immediately  beneath  another  in  which  a  heavy  article  of 
furniture  had  fallen.     Miners  at  work  rushed  from  one  pit  to 

'  Geol.  Mao.,  Vol.  VIII,  1891,  p.  371. 

^  Houses  aro  said  to  have  rockea  like  cradles,  etc.  **  Sir,"  said  Dr.  Johnson, 
ivben  Boswell  told  him  of  the  earthqnake  of  Sept.  14,  1777,  "  it  will  be  much 
exaggerated  in  public  talk:  for,  in  the  first  place,  the  common  people  do  not 
accurately  adapt  their  words  to  their  thought :  they  do  not  mean  to  lie :  but,  taking 
no  pains  to  be  exact,  they  give  you  Tery  false  accounts.  A  great  part  of  their 
language  is  proverbial.  If  anything  rocks  at  all,  they  lay  it  roek$  like  a  eradU : 
«nd  in  this  way  they  go  on." 
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another,  thinkinf^  an  explosion  had  ocourred.  One  informed  me 
that  a  severe  shaking  was  felt,  the  tools  sprang  from  the  floor  and 
the  dust  rose  in  clouds  o£f  the  bottom.  Indeed,  the  shock  seems  to 
have  been  distinctly  stronger  underground  than  on  the  surface. 

KiUyih  :  Feb.  16,  ISQS.^Eilsyth  lies  in  the  valley  of  the  Kelvin, 
11  miles  N.E.  of  Qiasgow,  and  the  same  distance  from  Falkirk  and 
Stirling.  The  supposed  earthquake  occurred  at  1.33  p.m.  It  was 
felt  and  heard  by  hundreds  of  people  in  the  town,  but,  though 
I  have  made  many  inquiries,  I  have  received  nothing  but  negative 
records  from  the  surrounding  country.  It  is  therefore  certain  that 
the  area  afifected  must  have  been  very  small.  All  the  accounts  from 
Kilsyth  are  in  agreement  as  to  the  nature  of  the  shock  and  sound. 
There  was  a  single  movement,  which  immediately  died  away, 
lasting  about  a  second  ;  a  dull  heavy  thud,  as  if  some  heavy  article 
had  fallen  on  the  ground  shaking  all  around.  It  was  strong  enough 
to  make  windows  and  crockery  rattle,  in  one  house  to  ring  bells, 
and  in  others  to  throw  down  crockery  from  the  shelves.  The  sound, 
which  accompanied  the  shock,  is  said  to  have  resembled  the  tipping 
of  a  load  of  coals,  the  fall  of  some  heavy  body,  the  slamming  of 
a  door,  etc.  Men  working  in  the  mines  below  were  so  alarmed  that 
they  ran  to  the  bottom  of  the  shaft. 

Pendleton  {near  Mancheater)  :  Feb.  27, 1899. — With  one  exception, 
I  am  indebted  for  all  the  records  which  I  possess  of  this  supposed 
earthquake  to  the  kindness  of  Mr.  Mark  Stirrup,  F.G.S.^  The  shock 
was  felt  shortly  after  10  p.m.,  according  to  one  observer  at  exactly 
10.1  p.m.  The  places  at  which  the  shock  was  felt  are  all  within 
a  small  area,  approximately  circular  in  form,  and  about  4  or  5 
miles  in  diameter.  The  centre  of  the  area  is  about  ^  mile  north 
of  Pendleton,  and  lies  a  short  distance  on  its  downthrow  side  from 
the  Irwell  Valley  fault.  Even  if  we  disregard  the  evidence  of  some 
observers  as  possibly  exaggerated,  there  can  be  no  doubt  that  the 
intensity  of  the  shock  was  not  less  than  4,  and  it  may  have  been 
as  great  as  5.  A  booming  sound,  like  that  of  a  gas  explosion, 
accompanied  the  shock.  In  the  Pendleton  Colliery  some  falls  of 
rock  took  place,  and  raised  a  cloud  of  dust  which  put  some 
workmen's  lamps  out. 

Origin  of  the  Earth- Shakes. — ^There  are  certain  features  which  are 
oommon  to  all  the  earth-shakes  here  considered,  and  which  dis* 
tinguish  them  from  most  ordinaiy  earthquakes.     They  are  : — 

(1)  The  disturbed  area  is  small ;  in  the  strongest,  it  is  not  more 
than  about  5  miles  in  diameter. 

(2)  The  intensity  of  the  shock  is  very  great  for  so  small  an  area, 
and  dies  away  rapidly  from  the  centre  towards  the  boundary. 

From  these  facts,  we  conclude  that  the  depth  of  the  centre  of 
disturbance  is  very  small,  and  the  inference  is  supported  by  the 
obviously  great  intensity  of  the  shocks  as  felt  in  mines.     Again  : 

(3)  The  shock  and  sound  are  of  very  short  duration.  The  brevity 
of  the  sound  is  strikingly  illustrated  by  the  type  of  comparison 

'  See  a  paper  by  Mr.  Stirrup  on  **  The  Earthquake  of  February  27th,  1899  "  : 
Manckester  Geol.  Soc.  Trius.,  vol.  xxri,  1899,  pp.  174-178. 
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UBoally  employed  in  describing  it.  Taking  the  four  earth-shakes 
together,  we  find  that  6  per  cent,  of  the  sound  comparisons  are  to 
thunder,  12  to  a  load  of  stones  falling,  35  to  the  fall  of  a  heavy  body, 
and  47  to  explosions.  Now,  in  the  slightest  earthquakes,  such  as 
those  described  in  this  paper,  the  corresponding  percentages  are  31 
to  passing  waggons,  eta,  35  to  thunder,  3  to  wind,  8  to  a  load  of 
stones  falling,  5  to  the  fall  of  a  heavy  body,  14  to  explosions,  and  4 
to  miscellaneous  sounds.  But  it  is  only  in  isolated  earthquakes  that 
this  is  the  case.  The  earth-sounds  following  a  great  earthquake  or 
the  sounds  which  accompany  the  weakest  after-shocks  resemble 
those  caused  by  explosions  or  the  fall  of  a  heavy  weight.^ 

It  follows  from  this  that  the  centre  of  disturbance  must  have  been 
very  small  in  the  case  of  every  one  of  the  earth-shakes ;  and  this 
conclusion  is  confirmed  by  the  small  size  and  the  approximate 
circularity  of  the  disturbed  areas. 

These  two  conclusions  regarding  the  small  depth  and  size  of  the 
centre  of  disturbance  are  strongly  in  favour  of  a  local  origin  of  the 
shocks.  In  the  Hhondda  valleys  they  are  generally,  I  believe, 
attributed  to  rock-falls  in  old  mine- workings ;  aud  this  is  no  doubt 
the  origin  of  some  of  the  shocks,  for  such  falls  from  the  roof  are 
known  to  occur  and  to  lead  tc  a  subsidence  of  the  ground  above.  The 
chief  difficulty  in  accepting  this  explanation  for  the  recent  dis- 
turbances arises  from  the  absence,  so  far  as  known,  of  any  fallen 
masses.^  The  Kilsyth  earth-shake  was  referred  without  hesitation 
by  one  of  my  correspondents  to  a  blast  in  one  of  the  whinstone 
quarries  in  the  town;  but,  as  another  points  out,  the  blasts  have 
occurred  daily  for  twelve  years  without  any  suggestion  of  an 
earthquake.  Others,  including  several  miners,  consider  that  the 
shook  was  caused  by  a  fall  of  rock  in  one  of  the  old  pit- workings 
by  which  the  ground  below  is  honeycombed.  The  shock  at 
Pendleton  is  apparently,  though  not  distinctly,  ascribed  by 
Mr.  Stirrup  to  a  slip  of  the  Irwell  Valley  fault,  and  the  proximity 
of  the  fault  to  the  centre  of  disturbance  is  a  point  in  favour  of  this 
theory. 

But  this,  of  course,  is  not  a  peculiarity  of  the  Pendleton  coal-mines. 
The  beds  about  Kilsyth  are  cut  up  by  a  series  of  faults,  and  in 
the  Khondda  Valley  faults  pass  close  to  the  centres  of  the  disturbed 
areas  of  the  earth-shakes.  Perhaps  a  more  significant  fact  is  that 
the  coal-seams  are  generally  worked  right  up  to  the  fault.  This  is 
certainly  the  case,  as  Mr.  Stirrup  informs  me,  at  Pendleton,  and  it  is 
probably  so  at  Kilsyth  and  in  the  Rhondda  valleys. 

Now,  by  the  withdrawal  of  the  coal,  the  rock  above  is  deprived  to 
a  great  extent  of  its  support,  and  tends  gradually  to  sink  down  and 
close  up  the  worked-out  seam.  Nowhere  can  this  tendency  be 
greater  than  where  the  rock  is  severed  by  a  fault  from  that  which 
adjoins  it.  Here  the  sinking  would  take  place  by  a  series  of  fault- 
slips,  each  of  which  might  give  rise  to  a  rather  strong  shock  on  the 
surface  of  the  ground  above.     But,  as  the  slip  would  only  affect 

1  Phil.  Mag..  Tol.  xlix,  1900,  p.  68. 

2  Natursy  toI.  Ix,  1899,  p.  140. 
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a  small  region  of  the  fault-sorfaoe  and  would  oooar  at  a  slight  depth, 
the  intensity  of  the  shook  would  rapidly  fade  away  from  the 
^ieentre ;  the  disturbed  area  would  therefore  be  small  and  oiroular 
in  form  ;  and  the  shook  and  sound  would  be  of  brief  duration,  and  in 
many  ways  resembling  those  produced  by  the  fall  of  a  hea^y  mass 
of  rock. 

If  this  is  a  correct  explanation  of  some  of  the  earth -shakes  which 
occur  in  mining  districts,  it  follows  that  suoh  cannot  be  classed 
either  with  true  or  with  spurious  earthquakes.  They  are  of  natural 
origin  in  so  far  as  they  are  produced  by  fault-slips,  but  artificial  in 
that  the  slips  are  brought  about  by  human  labour  and  not  by  the 
■low  and  gradual  cooling  of  the  earth. 


IfTOTIOES    OIF    -K>nmv>roTT?.<=; 


Note  on  Bblindrus  qbandjsvus.^ 

IN  a  review  of  a  paper  by  Professor  T.  R.  Jones  &  Dr.  Henry. 
Woodward  on  Belinurtis  grandavusy  a  new  speoies  of  Paladozoic ' 
Limuloid  Crustacean  from  the  '  Eo-Carboniferous '  of  Eiversdale, 
N.S.,  it  is  stated  on  p.  208  of  this  journal  that  Belinwrm  has 
not  been  found  in  rocks  of  earlier  age  than  the  Coal-measures* 
In  Geikie*s  Text  Book  of  Geology,  however,  this  genus  is  mentioned 
as  occurring  with  Pterygoius,  Bothriolepis,  Coecosteus,  Pteriehihys, 
Olffpiolepis,  and  other  typical  Lower  Devonian  and  Silurian  forma 
in  the  Eiltoroan  Beds  of  Ireland.  Thus  the  inference  drawn  in  the 
conclusion  of  this  article  that  these  rocks  are  Carboniferous  does  not 
seem  to  be  sustained.  May  it  not,  on  the  other  hand,  be  assumed 
that  "The  faunao  of  the  seas  of  the  Lower  Carboniferous,  Coal 
formation,  and  Permian  periods,  both  in  Europe  and  America, 
present  so  great  similarities  that  they  may,  in  a  broad  view  of  the 
sobjeot,  be  regarded  as  identical ;  " '  while  for  '  Lower  Carboniferous,' 
according  to  correlations  of  the  fossils  from  these  strata  in  New 
Brunswick  and  Nova  Scotia  made  recently  by  Professor  Eidston 
and  Dr.  David  White,  as  recorded  by  Mr.  J.  F.  Whiteaves  in  his 
"  Address  on  the  Devonian  System  in  Canada,"  ^  must  we  now  say 
*  Lower  Devonian '  ?  K.  W.  E. 


I^  E  -V  I  S  ^W  S. 


I. — Geologioal  Survey  op   Canada.      Q.   M.   Dawson,   C.M.G., 

LL.D.,  F.R.S.,  Director.     Annual  Report  (New  Series),  Vol.  X. 

Beporto  A,  F,  I,  J,  M,  S,  1897.     8vo ;  with  plates  aud  maps. 

(Ottawa :  Dawson,  1899.) 

rriHE  present  volume,  like  its   predecessors,  contains  within  its 

X     pages  many  proofs  of  the  excellent  organization  as   well  as 

the  enterprising  spirit  which  controls  and  animates  the  operations 

of  all  branches  of  the  Survey,  and  testifies  once   again  to  the 

^  From  Tk€  Ottawa  Naturaliit^  January,  1900,  vol.  viii,  No.  10,  p.  266. 

*  OEot,.  Mao.,  September,  1899,  p.  388. 
>  Acadian  Geology,  p.  283. 

*  Section  £,  American  Association,  Columbus,  Ohio,  August,  1899. 
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wonderful  resourcefulness  and  the  soientific  attainments  so  happily 
blended  in  the  Canadian  geologist. 

The  Summary  Beport  (A)  by  the  Director,  Dr.  O.  M.  Dawson> 
dated  Januaiy,  1898,  contains  a  brief  record  of  the  executive  and 
ofiSce  work  of  the  department  and  of  the  organization  and  main 
results  of  the  field-work  up  to  the  end  of  the  year  1897.  The 
reports  which  follow  have,  as  usual,  all  been  issued  separately,  prior 
to  the  completion  of  the  general  report 

The  Director  refers  especially  in  his  report  to  the  rich  discoveries 
of  placer  gold  on  the  Klondike  and  its  tributary  streams  in  the 
Yukon  District,  verifying  his  forecast  as  to  their  great  value 
published  in  1889.  More  detailed  geological  investigations  must 
be  made  before  the  question  of  the  origin  of  the  gold  can  be  solved. 
A  prolonged  and  uninterrupted  wearing  down,  from  a  very  early 
period  in  the  Tertiary,  of  rocks  containing  auriferous  veins  may, 
in  party  account  for  the  great  quantities  of  residuary  gold  now 
contained  in  the  placers. 

The  operations  of  the  field  parties  (to  the  number  of  fifteen) 
embraced  the  following  widely  extended  regions,  viz.,  British 
Columbia  (2),  North-West  Territories,  boring  operations  (2), 
Ontario  (4),  Quebec  (1),  New  Brunswick  (1),  Nova  Scotia  (3), 
and  Hudson  Strait  (2). 

Experimental  borings  in  petroleum  -  bearing  rocks  were  under- 
taken in  Northern  Alberta  (N.W.  Territories)  with  results  which 
pointed  to  the  existence  of  an  oil-field  of  great  extent  in  that  region. 

Following  the  account  of  this  work,  which  is  given  in  much  detail, 
are  the  reports  of  the  ofiSoers  responsible  for  the  Museum,  Herbarium, 
and  Library  of  the  Survey. 

The  first  field  report  (F)  is  that  of  Mr.  W.  Mclnnes,  on  the 
geology  of  the  area  covered  by  the  Seine  River  and  Lake  Sheben- 
dowan  map-sheets,  comprising  portions  of  Bainy  Biver  and  Thunder 
Bay  Districts,  Ontario.  After  describing  the  physical  characters  of 
the  region,  its  principal  rivers,  lakes,  waterfalls,  wild  animals,  forest 
growth,  etc.,  the  author  deals  with  its  geology.  The  geological 
formations  are  as  follows,  in  descending  order : — 

Surface  deposits  of  glacial  and  lacustrine  origin. 

Animikie. 

Steep  Bock. 

Eeewatin. 

Coutchiching. 

Laurentian. 

The  most  widely  distributed  of  these  is  the  Laurentian,  which 
occupies  more  than  three-fourths  of  the  entire  area.  It  is  made  up  of 
granite-gneisses,  which  vary  in  composition  according  to  the  presence 
or  absence  of  hornblende,  and  in  the  distinctness  of  their  foliation. 
The  typical  rock  is  a  biotite-granite-gneiss  made  up  of  quartz, 
orthoclase,  plagioclase,  and  biotite,  generally  distinctly  foliated  and 
banded  with  finer  and  coarser  layers.  The  non-foliated,  central 
portion  merges  gradually,  at  varying  distances  from  the  edge  of 
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the  area,  into  well-marked  gneiss,  the  latter  evidently  a  phase  of 
the  granite  produced  by  stress  and  incipient  flow.  The  prevailing 
aspect  of  the  rocks  of  the  Coatohiching  series  in  this  section  is  that 
of  stratiform,  fine  and  coarse  gneisses,  the  coarser  intrusive  through 
the  finer.  The  finer  gneiss  is  identical  with  the  Coutchiohing  series 
of  Bainy  Lake  and  probably  represents  its  eastward  extension.  The 
Keewatin  is  made  up  of  a  number  of  rock  types  varying  from 
extremely  basic,  igneous  masses  and  their  derived  schists,  to  acid 
quartz-porphyries  and  the  schists  produced  by  their  shearing.  The 
8teep  Rock  Series,  occurring  about  Steep  Rock  Lake,  are  believed 
to  be  of  later  age  than  the  greater  mass  of  the  Keewatin  strata,  as 
they  overlie  unconformably  the  rest  of  the  Archaean,  occupying 
a  position  below  the  Cambrian  and  above  the  great  bulk  of  the 
Keewatin.  llie  Animikie  rocks,  which  occupy  a  limited  area  in 
the  south-eastern  comer  of  the  r^on,  overlie  unconformably  the 
Archaean  rocks  wherever  they  have  been  seen  in  contact.  From 
their  stratigraphical  relations  to  the  overlying  formations  further 
«ast  on  Lake  Superior,  they  are  believed  to  represent  the  lower 
beds  of  the  Cambrian.  They  consist  of  black  and  green  slates  with 
calcareous  and  cherty  bands. 

The  glacial  geology  and  economic  geology  of  the  region  are 
described,  the  minerals  including  iron,  gold,  and  silver,  with  others 
in  insufiicient  quantities  to  be  commercially  valuable. 

Report  I,  by  Mr.  A.  £.  Barlow,  deals  with  the  geology  and 
natural  resources  of  the  area  included  in  the  Nipissing  and 
Temiscaming  map-sheets,  comprising  portions  of  the  district  of 
Nipissing,  Ontario,  and  the  county  of  Pontiao,  Quebec.  It  is 
accompanied  by  two  maps,  each  on  a  scale  of  four  miles  to  one 
inch.  The  area  represented  in  each  map  measures  seventy-two 
miles  in  length  from  east  to  west,  and  forty-eight  miles  from 
north  to  south,  thus  embracing  an  area  of  3,456  square  miles,  or 
a  combined  area  of  6,912  square  miles.  The  several  geological 
systems  and  formations  represented  in  the  region  subjacent  to  the 
Pleistocene  superficial  deposits  are  as  follows,  in  descending  order  i"^ 


Akch^ak.    fHuroman. 


Trenton ;  Birdseye  and  Black  Riyer. 


\  Laurentian :  Diorite -gneiss  and  granite-gneiss. 

The  Archiean  rooks  of  the  region  may  be  separated  into  two 
f^reat  subdivisions,  that  of  the  so-called  Lower  Laurentian  and  the 
Hnronian.  The  Laurentian  is  composed  of  a  series  of  massive  or 
schistose,  and  usually  evenly  foliated,  crystalline  rocks,  the  latter 
being  commonly  referred  to  as  '  gneisses.'  The  latter  are  separable 
into  two  divisions  according  to  the  prevalence  of  orthoclase  or 
plagioclase  as  the  felspathic  constituent  Of  the  two  types,  granite- 
gneiss  and  diorite-gneiss,  the  former  is  by  far  the  most  abundant, 
and  often  passes  by  insensible  gradations  into  massive,  reddish 
granite  in  which  little  or  no  trace  of  foliation  can  be  detected. 

The  Huronian  rocks  are  generally  clastic  in  composition,  appear- 
auce,  and  microscopic  structure,  in  marked  contrast  to  those  of 
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ihe  Lanrentian.  llie  breooia  or  breooia-oonglomerate  wbich  lies  at 
the  base  of  the  Huronian  is  tbe  rook  referred  to  by  Logan  and 
Murray  as  '  slate-oonglomerate '  or  'obloritio  slate-oonglomerafee.'' 
It  is  oom posed  of  angular,  snbangular,  or  rounded  fragments  of 
Tarious  pi u tonic  rocks,  of  which  a  ooarse,  red  granite  is  tbe  most 
abundant.  Diabases  and  diorites  are  also  present.  Throughout 
1^  area  the  Huronian,  where  fully  represented,  is  separable  into- 
three  distinct  subdivisions,  which  are,  in  ascending  order,  an 
follows:  (1)  Breccia  or  Breooia  -  conglomerate,  (2)  Greywaoke 
shale  or  slate,  (3)  Felspathic  sandstone  or  quartzite. 

The  Palsdozoic  rooks  contained  in  this  area  consist  of  ontlyini^ 
patches  of  the  following  formations  :  (1)  Birdseye  and  Black 
Biver,  (2)  Lower  Trenton,  (3)  Niagara.  Some  excellent  illustrationa 
of  the.  scenery  of  the  region  surveyed,  and  plates  of  microscopic 
sections,  accompany  this  voluminous  report,  to  which  two  appendices 
are  added,  the  first  consisting  of  tables  of  elevations  calculated  in 
feet  above  mean  tide  water  at  Quebec,  the  second  containing  tablea 
of  Cambro- Silurian  and  Silurian  fossils,  with  remarks  upon  them, 
drawn  up  by  Dr.  H.  M.  Ami. 

Beport  J,  by  Mr.  E.  Chalmers,  is  on  the  surface  geology  and 
auriferous  deposits  of  Sonth-Eastem  Quebec.  It  contains  the  resulta 
of  observations  made  during  the  seasons  of  1895,  1896,  and  1897. 
The  district  included  in  the  report  extends  from  Lake  Ohamplain 
and  the  Vermont  boundary  north-eastward  to  Montroagny  county, 
and  from  the  province  line  along  the  New  Hampshire  and  Maine 
border  north-westward  to  the  plain  of  the  St.  Lawrence.  A  general 
study  of  the  superficial  deposits  of  the  region  was  made,  with 
special  reference  to  the  auriferous  alluviums  of  the  '  Eastern 
Townships.'  To  carry  this  out  thoroughly  the  whole  of  the 
8t.  Lawrence  Valley  was  examined  in  some  detail,  the  glaciation 
and  the  distribution  of  the  Boulder-day  were  investigated,  and  the 
origin  of  the  latter  and  of  other  superficial  deposits  traced  out 
The  pre-61acial,  decayed  rock  materials,  'sedentary'  and  'trans- 
ported,' lying  beneath  the  Pleistocene  series,  were  also  studied  in 
the  gold-beanng  districts,  as  it  is  chiefly  in  these  that  the  precious 
metsd  is  found  in  workable  quantities. 

Gold  was  first  discovered  in  South-Eastern  Quebec  on  the  Gilbert 
River  about  the  year  1823.  Many  years  afterwards  (1866)  a  report 
by  an  expert  employed  by  Sir  W.  E.  Logan,  at  that  time  Director 
of  the  Geological  Survey  of  Canada,  was  drawn  up  relative  to  the 
distribution  of  gold  in  the  gravels  and  clays  and  gold-bearing 
quartz  veins  ;  since  that  time  gold-mining  has  gone  on  intermittently 
and  with  varying  success  in  the  valleys  of  the  Gilbert  and  Chaudi^re 
rivers  and  other  parts  of  the  district  referred  to  in  the  report. 
Although  the  gold-bearing  alluviums  of  South-Eastern  Quebec  have 
been  worked  and  studied  for  more  than  half  a  century  by  geologists, 
mining  engineers,  and  others,  yet  very  little  is  known  concerning 
the  true  source  of  the  gold.  Logan  and  Sterry  Hunt  regarded  its 
origin  as  traceable  to  the  materials  derived  from  the  disintegration 
of  the  oldest  rocks  of  the  region,  viz.,  the  crystalline  schists  of  the 
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Notre  Dame  Bange,  belongiog  for  the  most  part  to  the  Quebeo 
Oroup.  Little  progress  has  been  made  in  a  knowledge  of  its 
derivation  since  the  time  of  these  geologists,  as  praotically  no 
•qnartz^mining  has  yet  been  carried  on.  The  anther  finally  ooncludes 
Ihat  "  the  primary  sonrce  of  the  gold  of  the  '  Eastern  Townships  * 
«eem8  to  be  the  crystalline  schists  of  pre-Cambrian  or  Huronian 
age>  which  were  invaded  by  diorites  and  other  intrusives  aadr 
yielded  material  to  the  basal  Cambrian  conglomerates,  and  were 
Also  probably  traversed  by  quartz  veins.  In  the  removal  and* 
transportation  of  sedimentary  material  by  drainage  waters,  what- 
ever gold  was  in  the  quartz  veins,  and  in  the  products  of  rock 
decay,  would  be  concentrated  in  channels  or  river-bottoms  in  the 
gravels  in  which  it  is  fonnd  at  the  present  day." 

Dr.  L.  W.  Bailey's  Beport  (M)  relates  to  the  mineral  resources 
of  the  Province  of  New  Brunswick.  Among  metallic  ores  are 
included  iron,  in  the  forms  of  hsdmatite,  magnetite,  eta ;  copper, 
as  native  copper,  and  various  sulphides ;  lead,  as  galena,  usually 
slightly  argentiferous ;  zinc,  as  blende ;  antimony ;  nickel  sulphide, 
bismuth  ;  and  gold.  To  these  are  added,  among  substances  affording 
<M)mbu6tible  products,  bituminous  coal,  anthracite,  cannelite»  albertite, 
petroleum,  and  peat  Among  materials  for  construction  are  granite, 
freestone,  slate,  limestone  and  marble,  gypsum,  clays  and  sands, 
besides  graphite,  salt,  infusorial  earth,  fireclay,  etc.  Many  of  these 
snbstances,  especially  the  metallic  ores,  occur  only  in  small  amounts. 
The  geological  formations  represented  in  the  province  include  all 
the  divisions  of  the  geological  scale  from  the  earliest  Archaean 
to  the  Trias ;  those  formations,  such  as  the  Laurentian,  Huronian, 
and  Cambrian,  which  elsewhere  usually  produce  metallic  ores,  and 
the  Carboniferous  formation  yielding  coal  and  related  products, 
occupy  the  largest  areas. 

Beferring  to  gold.  Dr.  Bailey  says  that  its  existence  in  profitable 
-quantities  remains  to  be  proved,  and  that  this  can  only  be  done  by 
a  prolonged  and  systematic  prospecting  of  the  areas  in  which  it  is 
likely,  if  anywhere,  to  be  found.  The  question  of  the  occurrence 
of  coal  is  to  be  made  the  subject  of  a  special  report.  There  is  no 
-dearth  of  materials  used  in  construction  and  of  deposits  of  gypsum, 
limestone,  clay,  sand,  and  probably  bog  manganese.  This  is  doubt- 
less a  valuable  report,  especially  from  the  economic  point  of  view ; 
bat  our  space  does  not  admit  of  more  than  this  bare  outline  of  its 
oon tents.  It  is  accompanied  by  a  map  of  the  province  on  a  scale 
of  10  miles  to  1  inch. 

Mr.  £.  D.  Ingall,  assisted  by  Messrs.  Denis  and  McLeish,  con- 
tributes his  aunual  report  (S)  on  mineral  statistics  and  mines, 
thus  adding  to  the  steadily  increasing  classified  system  of  mining 
records.  Noting  some  features  of  progress  of  mineral  development 
in  the  country  as  a  whole,  Mr.  Ingall  says  the  grand  total  of  1897, 
as  compared  with  1896,  shows  an  increase  of  nearly  27  per  cent, 
•and  as  compared  with  1895  of  over  80  per  cent.  This  is  almost 
altogether  due  to  the  metallic  minerals,  and  amongst  these  gold, 
silver,  copper,  and  lead  are  those  showing  the  most  marked  advance. 
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dne  chiefly  to  the  oontinned  expansion  of  the  mining  industries  of 
British  Columbia,  that  provinoe  dividing  the  honours  with  the 
Yukon  District  in  the  matter  of  gold. 

With  this  voluminous  report  the  volume  concludes,  and  we  have 
only  now  to  congratulate  Dr.  Dawson  and  his  able  staff  on  the 
results  of  their  labours  as  set  forth  with  so  much  completeness  and 
wealth  of  detail.  Abthub  H.  Foobi>. 

n.— CoNTBiBUTiONS  TO  CANADIAN  Paljbontoloqt.  Vol.  IV,  Part  !• 
A  Revision  of  the  Qenera  and  Species  of  Canadian  Palaeozoio 
Corals.  The  Madreporaria  Perforata  and  the  Alcyonaria. 
(Geological  Survey  of  Canada.)  By  Lawbenob  M.  Lambb,  F.G.S. 
Pages  1-96,  plates  i-v.     (Ottawa,  1899.) 

A  RE  VISION  of  the  Palssozoio  Corals  has  long  been  a  desideratum. 
Since  the  great  works  of  Milne-Edwards  and  Haime,  no 
comprehensive  treatise  has  been  produced,  though  the  labours  of 
De  Fromentel,  Lindstrom,  Duncan,  Hinde,  Koch,  and  others  in 
Europe,  and  Hall,  Billings,  and  Rominger  in  America,  and 
Nicholson  on  both  sides  of  the  Atlantic,  have  greatly  extended  our 
knowledge  of  many  groups.  It  need  scarcely  now  be  maintained 
that  to  Nicholson  science  is  deeply  indebted  for  the  initiation  of 
methods  of  study  in  this  complicated  group  of  organisms  whereby 
a  fuller  and  more  exact  comprehension  of  their  structure  has  been 
acquired  than  was  possible  to  the  earlier  workers  in  this  field  of 
study.  His  work  on  the  Palasozoic  Tabulate  Corals  laid  the 
foundation  upon  which  all  subsequent  investigators  have  built,  and 
the  fact  of  his  having  made  use  of  much  American  material  gives 
a  peculiar  value  to  his  writings  for  those  who  have  to  deal  with 
the  Palaeozoic  Corals  of  that  continent 

In  the  work  before  us  the  genera  and  species  of  the  Canadian 
PalsBozoic  Corals  are  redescribed,  and  ''it  is  attempted  to  show 
that  some  forms  hitherto  considered  of  little  value  as  regards  the 
determination  of  the  age  of  the  deposits  in  which  they  occur,  on 
account  of  their  wide  range  in  geological  time,  are  capable  of 
indicating  definite  horizons  through  the  possession  of  distinctive 
structural  peculiarities."  Thus,  as  Rominger  has  observed  ("  Fossil 
Corals  of  Michigan,"  1876),  Cambro  -  Silurian  (Ordovician)  and 
Silurian  species  of  FavositeB  have  spiniform  septa,  while  those  of 
the  Devonian  have  squamulaa.  Again,  it  is  found  that  the  forms 
of  ITalysiies  of  different  geological  horizons  have  distinctive 
characteristics  which  are  apparently  constant  A  table  (at  p.  74) 
shows  the  distribution  in  time  (from  the  Niagara  to  the  Trenton), 
with  the  physical  characters — shape  of  corallites,  size  of  their  tubes, 
septation,  tabulsB,  etc. — of  EalysiteB  catentdaria  and  six  varieties,, 
illustrating  this  point. 

With  respect  to  distribution  in  time  Favoaiiea  Gothlandica  haa 
a  very  wide  one  in  Canada.  It  is  recorded  as  occurring  at  many 
localities  in  the  Niagara,  Guelph,  and  Lower  Helderberg  formations^ 
in  divisions  2,  3,  and  4  of  the  Anticosti  Group,  and  in  rocks  of 
supposed  Hudson  River  age  at  Stony  Mountain,  Manitoba.     Its^ 
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regional  distribation  is  also  very  considerable :  it  extends  from  the 
shores  of  the  Qulf  of  St.  Lawrence  to  the  Saskatchewan  Eiver. 
Another  species,  widely  distributed  in  time  and  space,  is  Zyellia 
affims,  occurring  in  the  '*  Hudson  Eiver  and  Niagara  formations, 
in  the  four  divisions  of  the  Anticosti  Qroup,  and  in  the  Lower 
Helderberg  Group,"  and  ranging  from  the  Island  of  Anticosti  to 
the  Saskatchewan  Biver. 

The  detailed  descriptions  of  the  species  and  their  mutual  relations, 
distribution,  and  synonymy  are  all  worked  out  by  the  author  with 
great  care,  and  he  seems  to  have  sounded  his  authorities  at  all  points. 

Though  in  respect  to  the  classification  of  the  Palsdozoio  corals 
we  are,  and  perhaps  shall  ever  be,  on  very  debatable  ground,  yet 
it  may  not  be  amiss  to  take  a  survey  of  our  present  position  in  the 
light  of  the  more  recent  attempts  made  in  this  direction.  Haeckel 
("  Systematische  Pbylogenie  der  Wirbellosen  Thiere  ")  includes  in 
his  class  Scyphopolypi  the  fossil  Cnidarians,  such  as  the  Favositidse, 
ChiBtetidss,  Auloporidad,  Halysitidsd,  etc.,  which  built  the  coral  reefs 
of  the  Silurian,  Devonian,  and  Carboniferous  seas,  and  are  generally 
assigned  to  the  Tabulata.  Nicholson,  discarding  the  latter  group 
as  originally  constituted,  as  containing  an  incongruous  assemblage 
of  forms,  places  the  Favositidas,  SyringoporidsB,  and  Thecidas  in  the 
Madreporaria  Perforata,  while  the  Helioporidse,  Heliolitidsd,  Haly- 
sitidse,  Cbsetetidsd,  and  AuloporidsB  are  referred  to  the  Aloyonaria 
("  Manual  of  Palaeontology,"  Nicholson  &  Lydekker,  vol.  i). 
Von  Zittel,  in  his  **  Grundziige  der  Paladontologie,"  while  affirming 
that  the  greater  number  of  the  typical  Tabulata  (Fa vosi tides, 
Syringoporidas,  Halysitidad)  show  close  relationship  to  the  Hexa- 
corallia,  concludes  that  any  definite  decision  as  to  their  systematic 
position  seems  to  be  unattainable.  On  this  ground,  though  retaining 
them  as  a  suborder  of  the  Madreporaria,  he  relegates  them  as  an 
appendix  to  the  Hexacorallia,  and  places  Heliolites  in  the  Octocor^llia 
(Alcyonaria),  its  generally  accepted  position. 

The  uncertainty  regarding  the  zoological  status  of  the  various 
groups  enumerated  above  (excepting  perhaps  the  HeliolitidaB)  is  not 
likely  to  be  dispelled,  unless  evidence  is  forthcoming  in  the  shape 
of  a  living  reef-building  coral  whose  affinities  with  the  fossil  reef- 
builders  of  the  favositoid  and  other  kindred  types  will  satisfy  the 
most  searching  investigation.  Even  the  remarkable  discovery  by 
Mr.  J.  J.  Quelch  *  of  a  living  coral  (Moseleya)  of  Cyathophylloid 
affinities  does  not  seem  to  have  carried  with  it  evidence  of  such 
a  convincing  character  as  to  shake  the  position  of  the  Eugosa 
(or  Tetracorallia)  as  a  distinct  group. 

Much  light  is  thrown  upon  the  structure  and  affinities  of  the 
Heliolitidad  in  a  recent  and  valuable  contribution  to  the  subject  by 
Professor  Lindstrdm  (Kong.  Svenska  Yetenskaps-Akad.  Haudl., 
Bd.  xxxii.  No.  1).  It  is  noticeable  that  the  genus  Zyellia,  M.-E.  & 
n.,  is  rejected  by  Lindstrom  on  account  of  its  similarity  to 
Propora,  M.-E.  &  H. 

»  Ann.  Mag.  Nat.  Hist.,  vol.  xiii  (1884),  p.  293  ;  **  Challenger  "  Reports,  vol.  rvi 

il886),  p.  110  ;  see  also  Nicholson,  in  *<  Manual  of  Palaeontology, '^  Nicholson  & 
iydekker,  vol.  i  (1889),  p.  274. 
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In  the  present  work  the  aathor's  8ii|^re6sion  of  certain  species 
is,  we  trust,  done  with  sufficient  justification.  It  is  a  proceidding 
which  should  he  carried  out  with  the  utmost  caution,  hecause, 
however  inconvenient  a  multitude  of  species  may  he  to  the* 
systematist,  their  presence  is  a  lesser  evil  than  that  which  maj 
result  from  the  loss  of  information  respectiog  the  mutations  whicli 
groups  of  individuals  undergo,  and  which  are  hest  recorded  and 
stereotyped  under  a  specific  or  varietal  name.  The  disadvantage 
of  hurying  such  records,  so  to  speak,  is  of  course  very  much  lessened 
when  there  is  abundance  of  material  at  the  disposal  of  the 
palsBontologist,  in  which  case  transition  forms  may  be  found  to 
bridge  over  the  gaps  and  to  onite  what  bad  before  been  mistaken 
for  independent  forms.  The  following  genera  are  included  in  this 
Bevision : — 

FaTosites.  Syriigolites.  Heliolites. 

AlTooliies.  Biomingeria.  Plasmopon. 

Ccenites.  Fletcheria.  Lyeltia. 

Cladopora.  Nyctopora.  Lyopora. 

Michelinia.  Syringoponu  Protarea. 

Striatopora.  Cannapora.  Stylarea. 

Trachypora.  Halysites.  Tetradium. 

Calapcecia. 

The  illustrations  are  few,  and  though  excellent,  considering  tlie 
mode  of  reproduction  adopted,  are  more  suitable  for  the  text  than 
for  plates.  The  details,  doubtless  most  faithfully  rendered  in  the 
original  drawings,  are  in  some  instances  reproduced  on  too  small 
a  scale  to  give  satisfactory  results.  Moreover,  we  miss  represen- 
tations of  the  entire  corallum.  which  is  inserted  only  in  one  instance 
(pi.  V,  ^g.  4,  \  nat.  size).  Apertures  of  corallites,  sketched  in 
outline,  with  the  tubular  parts  from  which  they  proceed  omittedjw 
have  a  strange  and  unnatural  appearance  (plates  i  and  iii). 

We  cannot  commend  the  practice  adopted  by  the  author  of 
employing  two  terms  of  measurement — one  for  the  corallum,  in 
inches ;  the  other  for  the  individual  corallites,  in  millimetres. 

This  work  will  be  of  especial  value  to  students  of  the  Paleozoic 
corals  of  North  America,  while  other  palaeontologists  may  learn 
much  that  is  interesting  respecting  variations  in  structure,  both 
external  and  internal,  so  minutely  and  carefully  recorded  by 
Mr.  Lambe  from  the  rich  material  at  his  command. 

Abthtjb  H.  Foord. 


I^EI»0:RTS     J^lSTT^     I»jaOOE!B3DII?ra-S. 


Obologioal  Society  of  Londov. 

Febi-uary   16th,  1900.— W.  Whitaker,  B.A.,  F.RS.,  President,  in 

the  Chair. 

Annual    Gbnbbal  Mebtino. 

The  Secretary  read  the  reports  of  the  Council  and  of  the  Library 

and  Museum  Committee  for  the  year  1899.     In  the  former  the 

Cowmcil  referred  to  the  continued  increase  in  the  number  of  Fellows 

and  the  steadily  maintained  financial  prosperity  of  the  Society. 
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Daring  1899  the  naniber  of  Fellows  elected  was  52  (exactly  the 
Mine  number  as  in  1898) :  of  these  45  qualified  before  the  end  of 
the  year,  making,  with  11  previously  elected  Fellows,  a  total 
aooession  of  56  in  the  course  of  the  twelve  months  under  review* 
Daring  the  same  period,  the  losses  by  death,  resignation,  anci 
removal  amounted  to  51,  the  actual  increase  in  the  nnmber  of 
Fellows  being  therefore  5. 

The  total  number  of  Fellows,  Foreign  Members,  and  Foreign 
Correspondents,  which  on  December  31st,  1898,  was  1,336,  stood 
ai  1,344  by  the  end  of  1899. 

The  balance-sheet  for  the  year  1899  showed  receipts  to  the 
amount  of  £3,991  14s.  4d.  (including  a  balance  of  £1,076  Os.  M. 
brought  forward  from  the  previous  year),  and  an  expenditure  of 
£3,029  14«.  6(i  (omitting  the  sura  of  £541  6s.  Od.  invested  in  India 
3  per  cent  Stock).  Among  the  items  of  non-recurring  expenditare 
were  £200  contributed  by  the  Society,  at  the  request  of  H.M.  Office 
of  Works,  towards  the  cost  of  the  improved  lavatory  accommodation 
at  the  Society's  apartments;  and  £73  168.  bd,  expended  in  the 
publication  of  vol.  iii  of  Hutton's  "  Theory  of  the  Earth."  The 
balance  remaining  available  for  the  current  year  is  £420  13«.  IQd. 

The  Council  announced  that  it  was  proposed  to  complete  the 
extension  of  the  electric  lighting  to  the  whole  of  the  Society's 
apartments  at  an  estimated  cost  of  £250,  and  the  Fellows  were 
requested  to  sanction  this  expenditure. 

The  bequest  made  by  Sir  Joseph  Prestwich  of  the  sum  of  £800 
had  now  become  payable  to  the  Society,  owing  to  the  lamented 
death  of  Lady  Prestwich.  An  extract  from  Sir  Joseph's  will  was 
read,  citing  the  purposes  to  which  this  sum  is  applicable,  but  it  was 
pointed  out  that,  in  common  with  other  legacies,  that  to  the  Society 
will  have  to  be  to  some  extent  abated  and  moreover  will  have  to 
bear  its  own  legacy  duty. 

Beference  was  made  to  the  issue  of  the  third  volume  of  Button's 
"llieory  of  the  Earth,"  and  gratitude  was  expressed  for  the  minute 
and  reverent  care  with  which  the  work  had  been  edited  and 
annotated  by  Sir  Archibald  Geikie. 

The  completion  of  vol.  Iv  and  the  commencement  of  vol.  Ivi  of 
the  Society's  Quarterly  Journal  was  mentioned,  and  it  was  stated 
that  the  Council  had  decided  to  discontinue,  for  the  present,  the 
issue  of  index-slips. 

In  conclusion,  the  awards  of  the  various  Medals  and  proceeds  of 
donation  funds  in  the  gift  of  the  Council  were  announced. 

The  report  of  the  Library  and  Museum  Committee  enumerated 
the  increasingly  extensive  additions  made  to  the  Society's  Library, 
and  announced  the  completion  by  Mr.  C.  Da  vies  Sherborn  of  the 
work  of  labelling  and  registering  the  type,  and  other  important 
apecimens  in  the  Museum. 

After  the  reports  had  been  read,  the  President  invited  those  to 
apeak  who  wished  to  make  any  comment  on  the 'management  of  the 
Society.  Dr.  O.  J.  Hinde  said  that  owing  to  the  action  of  the 
Council  in  rejecting  a  motion  which  he  had  made  to  it,  *'  that  an 
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invitation  be  extended  to  Miss  Elles  to  be  present  at  the  Annaal 
General  Meeting  to  reoeive  the  award  which  has  been  made  to  her 
by  the  Council/'  he  had,  as  a  protest,  resigned  his  position  on  the 
Council  and  withdrawn  his  nomination  to  the  new  Council,  then 
being  elected.  He  contended  that  the  giving  of  the  Medals  and 
Awards  was  not  an  official  part  of  the  business  of  the  Annual 
Meeting,  and  that  in  refusing  to  invite  a  recipient  of  an  honour 
to  be  present  to  receive  it,  solely  on  the  ground  of  sex,  the  Council 
had  acted  against  the  custom  of  the  Society. 

The  reports  having  been  adopted,  tbe  President  handed  the 
Wollaston  Medal,  awarded  to  Professor  G.  K.  Gilbert,  F.M.Q.S., 
of  Washington,  to  Mr.  Henry  White,  Secretary  of  the  American 
Embassy,  for  transmission  to  the  recipient,  addressing  him  as 
follows :— Mr.  White, — 

For  many  years  Professor  Gilbert  has  contributed  to  several  American  publications 
papers  of  a  most  Tsried  kind,  some  dealing  with  important  subjects  appertaining  to 
the  Geology  of  the  United  States  and  some  ni-ith  matters  of  still  wider  interest. 

The  same  may  be  said  of  his  series  of  reports,  etc.,  to  the  Geological  Surrey  of 
the  United  States,  beginning  with  the  well-known  **  Geology  of  the  Heniy 
Mountains,*'  in  which  the  volcanic  structure  known  as  a  laccolite  was  first  describe^ 
and  a  masterlv  summary  of  the  principles  of  erosion  was  given.  The  Essay  on  the 
Topographical  Features  of  Lake-shores,  descriptive  of  the  work  of  waves,  of  streams, 
and  of  ice,  of  the  formation  of  deltas,  of  cliffs,  and  of  terraces,  naturally  led  up  to 
the  great  monograph  on  Lake  fionneville,  the  tracing  out  of  a  former  feature — 
whereof  the  present  Great  Salt  Lake  is  the  diminished  representative,  written  in  such 
a  war  as  to  make  one  almost  feel  that  the  old  lake  is  there  still. 

Nor  has  Professor  Gilbert  neglected  those  more  practical  matters  that  press 
themselves  on  officers  of  a  Geological  Survey,  for  he  has  written  also  on  the  Under- 
ground Water  of  the  Arkansas  V^ey ;  but  the  lake  fever  keeps  with  him,  and  has 
led  him  to  take  up  the  question  of  recent  earth -movements  in  the  region  of  the 
Great  Lakes,  on  which  we  had  an  elaborate  essay  in  1898,  leading  to  the  conclusion 
that  change  is  still  going  on,  and  pointing  out  the  results  that  will  occur  if  it 
continues. 

We  feel  that  Professor  Gilbert  \s  an  honour  to  the  Survey  of  which  he  has  long 
been  an  officer,  and  a  worthv  successor  of  his  countrymen,  James  Hall  ana 
J.  D.  Dana,  as  our  Wollaston  Medallist,  for  bis  work  is  not  only  American,  but  for 
the  world  at  arge. 

Mr.  White  replied  in  the  following  words  : — Mr.  President, — 

It  has  given  me  great  pleasure.  Sir,  to  attend  this  interesting  meeting  to-day,  and 
to  receive  on  behalf  of  my  fellow-countryman,  Professor  Gilbert,  the  Wollaston 
Medal  which  has  been  awarded  to  him  by  the  Council  of  this  Society  for  important 
researches  concerning  the  mineral  structure  of  the  earth— an  honour  which,  as  you 
have  just  pointed  out,  has  hitherto  been  conferred  upon  two  other  Americans  only, 
the  late  James  Hall  and  the  late  J.  D.  Dana. 

Particularly  gratifying  has  it  been  to  me,  as  I  am  sure  it  will  be  to  all  who  know 
Professor  Gilbert,  to  hear,  from  the  statement  which  you  have  just  read,  how  highly 
his  work  is  appreciated  by  the  Geological  Society  of  London.  He  deeply  regrete 
that  it  should  not  have  been  possible  for  him,  owing  to  engagements  of  a  pressing 
nature  at  home,  to  come  here  to-day  and  to  receive  this  Med^  himself,  but  I  shall 
not  fail  to  inform  him  of  the  very  kind  manner  in  which  its  presentation  has  been 
made,  and  of  the  applause  which  has  greeted  each  mention  of  his  name  at  this 
meeting. 

I  beg  to  thank  the  Council  of  this  Society  most  sincerely,  on  Professor  GilbertV 
behalf,  for  the  honour  which  has  been  conferred  upon  him,  an  honour  which  he 
highly  appreciates,  as  does  the  United  States  Geological  Survey,  of  whose  staff 
he  has  been  a  distinguished  member  since  its  foundation  in  1878. 

Perhaps  I  may  be  permitted,  as  one  who  has  been  closely  connected  for  many  years 
past  with  the  diplomatic  relations  between  the  United  States  and  Great  Britain,  to^ 
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add  that  I  always  welcome  with  especial  pleasure  oooasions  of  this  kind,  on  which 
marks  of  appreciation  are  conferred  by  scientific  Societies  of  one  country  upon 
eminent  men  of  the  other,  as  they  not  only  tend  to  draw  more  closely  together  the 
people  of  Great  Britain  and  America,  but  they  demonstrate  to  the  rest  of  the  world 
'  that  the  two  nations  are  working  together  for  the  furtherance  of  science,  and 
consequently  for  the  adyancement  of  ciTilization. 

The  President  then  handed  the  Marchison  Medal,  awarded  to 
Baron  Adolf  Erik  Xordenskiold,  of  Stockholm,  to  His  Excellency, 
Count  Carl  Lewenhanpt,  Minister  for  Sweden  and  Norway,  for 
transmission  to  the  recipient,  addressing  him  as  follows: — Your 
Excellency, — 

Baron  Nordenskiold  has  given  much  of  his  time  to  the  arduous  work  of  Arctic 
eixploration,  baring  visited  Spitsbergen  twice,  the  first  time  in  1858,  with  Torell. 
Again,  in  1868  he  organized  and  started  another  Arctic  expedition,  and  in  1872 
he  discovered  the  g^eat  masses  of  native  iron  of  Ovifak,  originally  described  to  our 
Society  as  meteorites,  and  also  brought  home  a  large  collection  of  fossil  plants,  from 
which  we  learnt  much  as  to  the  long-past  climatic  conditions  of  the  Arctic  regions. 

In  1875  he  went  up  the  Yenisei  from  the  Kara  Sea;  three  years  later  he  first 
doubled  the  northernmost  point  of  the  Old  World,  and  reached  Japan  in  the  latter 
part  of  1879,  making  what  is  known  as  the  North-East  Passage. 

in  1883  he  undertook  a  second  voyage  into  the  interior  of  Greenland,  adding^ 
largely  thereby  to  our  knowledge  of  its  glacial  conditions. 

Among  the  records  of  these  expeditions,  his  book  entitled  "  The  Voyage  of  the 
Veffa,^*  which  has  been  translated  into  English,  and  from  which  we  derive  much 
information  as  to  inland  ice,  glaciers,  and  icebergs,  and  his  work  on  "  The  Second 
Swedish  Expedition  to  Greenland,'*  are  notable. 

We  have  also  to  thank  him  for  giving  u«  an  English  version  of  some  of  his  work, 
chiefly  in  the  pages  of  the  Geological  Maoaziicb,  m  vol.  ix  of  which  is  a  set  of  papers 
on  the  Expemtion  to  Greenland  in  l»70,  while  in  vol.  ii  of  decade  ii  we  find  the 
Lecture  on  the  Former  Climate  of  the  Polar  Regions,  and  in  vol.  iii  a  set  of  papers 
on  the  Geology  of  part  of  Spitsbergen  and  a  discourse  on  the  distant  Transport  of 
Volcanic  Dust. 

Both  as  an  observer  and  as  an  organizer  of  expeditions  of  discovery  has  Baron 
Nordenskiold  earned  our  gratitude,  of  which  this  Murchison  Medal  is  a  sign. 

His  Excellency  replied  in  the  following  words : —Mr.  President, — 
On  behalf  of  Baron  Nordenskiold,  I  beg  to  express  his  deep  gratitude  for  the 
great  distinction  conferred  upon  him  by  the  Council  of  the  Geological  Society. 
I  shall  not  fail  to  transmit  the  Medal  at  once,  but  I  may  perhaps  be  allowed  to 
mention  that  i  have  been  asked  to  present  the  accompanying  cheque  as  a  donation 
from  Baron  Nordenskiold  to  the  British  Antarctic  Funo.  it  is  a  great  pleasure  for 
Baron  Nordenskiold  to  have  this  opportunity  of  proving  his  good  wishes  for  the 
success  of  this  expedition. 

The  President  then  presented  the  Lyell  Medal  to  Mr.  John 
Edward  Marr,  F.R.S.,  addressing  him  as  follows : — Mr.  Marr, — 

From  1876  onwards  you  have  contributed  fourteen  papers  to  our  Journal,  most  of 
them  on  the  Geology  of  the  Lake  District  and  its  borders,  but  two  being  on  Welsh 
and  two  on  European  geology.  Of  these  one  may  specially  note  those  on  the 
pre- Devonian  Hocks  of  Bohemia,  on  the  Stockdale  tthales  (done  in  conjunction  with 
our  lamented  friend  Nicholson),  on  the  Shap  Granite  and  its  Associated  Rocks  (done 
with  Mr.  Harker),  and  on  Limestone -knolls. 

These  papers  that  you  have  given  us  are  enough  to  prove  your  power  as  an 
observer  and  a  reasoner  both  in  the  field  and  at  home ;  but  you  have  also  contributed 
much  to  the  Gbolooical  Magazuib,  often  in  association  with  other  workers,  and 
I  may  remark  that  the  frequent  coupling  of  your  name  with  other  names  shows  how 
your  aid  is  valued  and  how  well  you  can  work  with  others.  Nor  is  this  all ;  other 
journals  have  been  enriched  by  your  pen,  and  you  have  added  the  following  books  to 
the  Uterature  of  Geology:  "The  Classification  of  the  Cambrian  and  Silurian 
Bocks,"  •*  The  Principles  of  Stratigraphical  Geology,"  and  *'  The  Scientific  Study 
of  Scenery.'* 
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trndonbtedly  your  lour  oontinnous  serrioe  on  tiie  Council  (from  188S  to  1809)  has 
■alone  hindered  us  from  thus  acknowledging  the  value  of  your  work  until  now. 

The  award  of  the  Lyeil  Medal  may  bring  an  additional  pleasure  to  you  in  that  it 
has  been  given  to  Nicholson,  with  wnom  you  have  so  often  worked,  and  to  Hughes, 
whom  you  have  so  greatly  assisted  in  the  teaching  of  geology  at  Cambridge. 

We  are  proud  to  add  your  name  to  the  list  of  Lyell  Medallists. 

Mr.  Marr,  in  reply,  said : — Mr.  President, — 

In  thanking  the  Council  for  the  very  gratifying  and  unexpected  honour  which  they 
have  conferred  ujpon  me,  I  feel  that  they  must  have  been  influenced  in  their  choice 
by  personal  considerations,  as  I  have  been  so  long  among  them.  The  Founder  of 
the  Medal  stated  that  the  recipient  must  have  "  deserved  well  of  the  science,**  which 
in  the  present  case  could  only  be  so  in  that  1  have  tried  to  do  my  best ;  I  will 
endeavour,  however,  by  working  in  the  future,  to  **  justify  the  honour.** 

You  have  mention^,  Sir,  original  work  and  teaching  as  qualifications.  As 
regards  original  work,  I  have  been  singularly  fortunate  in  the  co-operation  of  the 
late  Professor  Nicholson,  and  in  that  of  Mr.  Harker  and  Mr.  Garwood.  As 
a  teacher,  I  am  glad  to  see  two  of  my  old  pupils  receiving  awards  on  this  oocasionf 
as  it  shows  how  happy  I  am  in  the  nature  of  ray  classes.  But  I  feel  that  the 
teacher*s influence  roust  count  for  something,  and  I  know  it  by  experience,  as  a  pupil 
of  the  Woodwardian  Professor.  I  am  glad  to  take  the  present  occasion  to  besr 
testimony  to  Professor  Hughes's  guidance  of  his  pupils.'  work — a  guidance  by  no 
means  exercised  solely  in  the  lecture-room. 

As  one  who  was  brought  up  iii  LyelUsm,  and  am  still  being  brought  up  in  it,  I  am 
unaffectedly  glad  that  the  Ijyeil  Medal  has  been  awarded  to  me.  I  do  not  use  the  term 
LyelUsm  in  a  narrow  sense,  as  a  crystallized  set  of  tenets,  which  will  ever  retain  the 
form  in  which  they  were  left  at  the  Founder's  death.  1  regard  it  rather  as 
possessing  vitality,  and  as  ever  growing  and  spreading  its  seed,  like  a  goodly  tree. 

In  conclusion,  while  thanking  you,  8ir,  for  the  kind  words  which  ^ou  have  used  in 
presenting  the  Medal,  1  beg  to  call  your  attention  to  the  fact  that  it  is  25  years  since 

fouhave  shown  me  your  flrst  kindness,  and  that  kindness  has  continued  ever  since, 
am  especially  glad  to  receive  the  Medal  from  your  hands. 

In  presenting  the  balance  of  the  proceeds  of  the  Wollaston  Donation 
Fund  to  Mr.  George  Thurland  Prior,  M.A.,  of  the  Natural  History 
Museum,  the  President  addressed  him  as  follows : — Mr.  Prior, — 

In  the  course  of  the  last  thirteen  years  you  have  contributed  a  number  of  papers 
to  the  Mineralogical  Society,  either  alone  or  in  conjunction  with  other  observers,  in 
which  you  have  described  minerals  from  various  parts  of  the  worid.  In  the  case, 
indeed,  of  one  of  the  late  numbers  of  the  Mineralogical  Magazine,  there  would  be 
little  left  were  the  five  papers  wholly  or  partly  written  by  you  taken  out.  In  three 
<mse8  you  have  done  us  the  service  of  showing  that  certain  minerals  had  been 
christened  more  than  once.  You  have,  moreover,  strayed  from  the  path  of  pure 
Mineralogy  into  the  ways  of  Petrology,  and  have  always  been  ready  to  let  geologists 
have  the  advantage  of  that  valuable  help  which  your  position  in  the  Natural  History 
Museum  enables  you  to  give  them. 

We  are  glad  to'  find  that  our  great  National  Museum  continues  to  keep  to  the  front 
in  Minerali'gjr,  and  that  we  may  look  forward  to  the  continuance  of  able  observers 
among  its  otfacials.     The  Wollaston  Fund  is  most  fittingly  awarded  to  this  end. 

Mr.  Prior  replied  in  the  following  words:— Mr.  President, — 

I  wish  to  express  my  heartfelt  thanks  to  the  Council  for  the  honour  which  they 
have  done  me  in  conferring  this  award.  That  it  should  be  connected  with  the  name 
of  Wollaston  is  to  me  an  additional  pleasure,  since  my  work  has  been  mainly  of 
a  chemical  and  mineralogical  character. 

Mineralogists  are  perhaps  rather  apt  to  pay  too  little  attention  to  the  modes 
of  occurrence  and  mutual  associations  of  the  minerals  that  they  study.  To  try 
in  future  to  make  my  mmeralogy  more  geological  in  its  character,  I  feel,  will  be  the 
best  way  for  me  to  show  my  high  appreciation  of  this  generous  recognition  from  the 
Council  and  of  the  kind  words  with  which  you.  Sir,  have  accompanied  it. 

The  President  then  banded  the  balance  of  the  proceeds  of  tbe 
Murcbison  Geological  Fund,  awarded  to  Mr.  A.  Vaugban  Jennings, 
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F.L.S.,  to  Professor  J.  W.  Judd,  C.B.,  LL.D.,  F.R.S.,  for  transmission 
to  the  reoipient,  addressing  him  as  follows : — Professor  Jadd, — 

Mr.  YaugliaD  Jennings  has  done  much  work  in  Physical  Geology  and  in  Petrology, 
especially  in  the  papers  which  he  has  given  us  on  the  country  around  DaTOs  in 
Switzerland ,  and  he  has  done  this  despite  long  and  serious  illness.  Driven  ahroad  hy 
that  illness,  he  has  used  the  opi>ortunity  thus  afforded  to  investigate  the  geological 
structure  of  the  district  in  which  he  has  had  to  live  and  to  unravel  the  geological 
history  of  the  great  valley  of  the  Engadin. 

We  hope  that  this  award  may  not  only  show  him  that  his  work,  done  under  such 
disadvanta^,  is  appreciated  by  us,  but  may  also  cheer  him  in  time  of  trouble  and 
enoourage  him  to  continue  his  labours. 

Professor  Judd,  in  reply,  said : — Mr.  President, — 

I  wish  to  express  my  great  regret  that  the  state  of  Mr.  Vaughan  Jennings's  health 
and  the  illness  of  a  near  relative  prevent  him  from  bein?  present  to  receive  the  award 
IB  person,  and  therefore  beg  to  read  the  following  woras  of  acknowledgment  of  the 
honour  done  to  him : — 

«*  In  endeavouring  to  express  my  thanks  to  the  Council  of  the  Geological  Society 
lor  Hie  honour  whicn  they  have  conferred  upon  me,  I  feel  that  my  remarks  must  be 
ol  an  apologetic  character.  Though  much  of  my  time  for  many  years  has  been 
devoted  to  geological  matters,  my  contributions  to  original  research  in  that  science 
have  been  far  less  than  I  wished  and  hoped. 

**  The  reason — or,  perhaps,  I  should  say,  the  excuse — for  this,  lies  in  an 
unfortunate  interest  in  the  sister  sciences  of  Zoology  and  Botany,  and  in  the  fact  that 
BKwt  of  my  time  has  been  devoted  to  teaching.  While  most  oi  the  Fellows  of  this 
Society  doubtless  recognize,  in  theory,  the  value  of  an  equal  study  of  the  three 
branches  of  Natural  History,  it  must  be  difficult  for  many  to  realize  the  difficulty  of 
putting  the  theory  into  practice,  and  the  limitation  which  such  an  attempt  must 
impose  on  one's  efforts  to  do  special  work  in  any  particular  branch. 

*'  The  consciousness  that  1  have  been  led  aslray  into  the  mazes  of  Invertebrate 
Anatomy  and  the  devious  paths  of  Crvptogamic  Botany,  makes  me  feel  still  more 
nrateful  that  geologists  have  recognized  some  slight  value  in  my  contributions  to  our 
knowl^ge  of  the  earth. 

*'  My  first  attempt  in  Alpine  geology  is  almost  certainly  my  last ;  but  the  Council 
may  rest  assured  that  their  kind  recognition  of  my  efforts' will  encourage  me  to  work, 
as  long  as  I  am  able,  for  the  advancement  of  our  science  in  whatever  way  is  possible. 
That  I  have  been  capable  of  accomplishing  anything  in  this  direction  is  chieny  due  to 
my  studentship  at  the  Royal  CoUege  of  Science,  and  to  the  kindly  help  of  those 
connected  with  that  institution. 

**  Perhaps  1  may  be  allowed  to  express  also  my  great  regret  that,  by  accident  (as 
I  was  travelling  during  the  final  revision),  no  acknowledgment  was  made  in  my  last 
paper  of  the  kind  and  constant  assistance  vouchsafed  to  me  by  Professor  Bonney 
during  the  progress  of  the  work." 

In  handing  the  balance  of  the  proceeds  of  the  Lyell  Qeologioal 
Fmad,  awarded  to  Miss  Gertrude  L.  Elles,  of  Newnham  College,  to^ 
Professor  T.  McKenny  Hughes,  F.R.S.,  for  transmission  to  the 
recipient,  the  President  addressed  him  in  the  following  words : — 
Professor  Hughes, — 

After  some  strati^ohical  work  in  the  Lake  District  and  in  North  Wales,  done 
with  Miss  £.  M.  R.  Wood,  Miss  Elles  gave  special  attention  to  the  Graptolites,  and 
we  have  had  from  her  a  paper  on  the  subgenera  Petalograplm  and  Cephalograptus, 
adding  much  to  our  knowledge  of  the  characters  and  range  of  those  fossils,  followed 
by  the  still  more  important  papier  on  the  Graptolite  fauna  of  the  Skiddaw  Slates,  in 
which,  after  a  mass  of  descriptive  details,  the  phylogeny  of  the  group  is  treated  of  at 
some  length. 

This  1ms  been  followed  by  a  paper,  as  yet  unpublished,  in  which  her  knowledge  of 
the  Graptolites  is  applied  to  the  zonal  classification  of  the  Wenlock  Shales  of  the 
Welsh  Borderland.  We  hope  that  this  award  from  the  Lyell  Geological  Fund  will 
show  her  that  her  work  is  valued  and  will  encourage  her  to  continue  it. 
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Professor  Hughes  replied  as  follows : — Mr.  President, — 

I  am  ^lad  to  have  been  asked  to  receive  the  award  from  the  Lyell  Fmid  for 
transmission  to  Miss  Elles,  who  is  debarred  by  circumstances  over  which  she  had  no 
control  from  standing  here  to  receive  for  herself  this  mark  of  recognition  which  the 
Council  of  the  Society  have  bestowed  upon  her. 

The  research  by  which  she  has  won  for  herself  a  prominent  place  among  geologists 
might  seem  of  limited  scope  to  all  but  a  few  who  know  the  difficulty  and  the 
importance  of  the  group  of  organisms  to  which  she  has  chiefly  devoted  her  attention. 

I  am  much  pleased,  therefore,  to  be  here  to-day  to  testifv'that  Miss  Elles,  who  is 
Assistant  Demonstrator  in  my  Department  at  Cambridge,  nas  shown  herself  to  be 
a  clear-sighted  strati<^phist  and  an  astute  palceontologi^  over  a  much  wider  field 
than  might  appear  from  the  mention  of  the  work  for  which  this  award  has  been 
made,  and  that  she  is,  besides,  accomplished  in  other  and  altogether  different 
branches  of  culture. 

Miss  Elles  has  asked  me  to  communicate  her  thanks  in  the  foUowing  terms : — 

**  Please  convey  to  the  Council  of  the  Geological  Society  my  warmest  thanks  for 
the  great  honour  which  they  have  so  unexpectedly  conferred  in  awarding  to  me  the 
Lyell  Fund  for  this  year. 

'*  I  have  been  able  to  do  so  little  as  yet,  that  I  am  bound  to  regard  it  as  an 
incentive  to  future  work,  rather  than  as  a  reward  for  anything  accomplished.  I  can 
only  add,  that  I  will  strive  my  very  utmost  to  make  the  work  which  I  may  do  in  the 
future  worthy  of  the  confidence  which  such  an  award  seems  to  imply.** 

The  President  then  handed  to  Mr.  George  C.  Crick,  A.R.S.M., 
of  the  Natnral  History  Museum,  a  moiety  of  the  proceeds  of  the 
Barlow-Jameson  Fund,  addressing  him  as  follows  : — Mr.  Crick, — 

In  the  course  of  the  last  ten  years  you  have  made  yourself  an  authority  on  Fossil 
Cephalopoda,  and  have  contributed  several  papers  on  various  branches  of  this  subject 
to  the  Geological  Maoazinb  and  other  ^'ournals,  among  which  one  may  note,  as  of 
high  general  interest:,  vour  long  and  well  illustrated  essay  on  the  muscular  attachment 
of  the  animal  to  the  shell,  pumished  in  the  Transactions  of  the  Linnean  Society  in 
1898 :  a  subject  which  had  escaped  the  attention  of  palsBontologists  until  you  drew 
attention  to  it. 

Tour  official  work  at  the  Natural  History  Museum  has  included  the  making  of  the 
List  of  Types  and  Figured  Specimens  of  I'ossil  Cephalopoda  and  the  preparation  of 
vol.  iii  (in  conjunction  with  Dr.  A.  H.  Foord)  of  the  Catalogue  of  Fossil 
Cephalopoda  in  that  Museum,  and  you  have  kept  up  the  high  character  of  that 
public  estabhshment  for  readiness  to  impart  information  to  the  inquiring  geologist. 

Mr.  Crick  replied  in  the  following  words  : — Mr.  President, — 

I  beg  to  express  my  sincere  thanks  to  the  Council  of  the  Geological  Society  for  the 
great  and  unexpected  honour  that  they  have  conferred  upon  me :  and  to  you.  Sir,  for 
the  kind  words  with  which  you  have  accomfmnied  the  award.  Considering  the  many 
privileges  that  pertain  to  mv  official  connection  with  the  British  Museum,  the  amount 
of  wonc  which  has  been  aone  by  me  is  comparatively  so  small  that  I  regard  the 
award  as  an  encouragement  to  continue  my  work,  rather  than  as  a  recognition  of  that 
already  accomplished. 

In  presenting  to  Professor  Theodore  Thomas  Oroom,  M.A.,  D.Sc., 
the  other  moiety  of  the  proceeds  of  the  Barlow-Jameson  Fund,  the 
President  addressed  \i\ra  as  follows  : — Professor  Groom, — 

While  at  Cambridge  you  gave  us  two  papers  on  paleeontological  and  petrological 
subjects,  and  since  then  we  have  had  from  you,  together  with  Mr.  Lake,  a  paper  on 
the  Llandovery  Rocks  of  Corwen,  in  which  special  reference  is  made  to  the  structure 
of  the  district.  Carrying  out  this  line  of  research,  yon  have  contributed  two 
elaborate  papers  on  the  Geological  Structure  of  the  Mafvems,  one  of  which  is  but 
lately  pubushed ;  and  in  these  you  have  shown  your  knowledge  of  some  of  the  latest 
raethoos  of  stratigraphical  research,  and  your  power  of  applying  them  to  the 
elucidation  of  important  problems  in  a  somewhat  difficult  distnct.  I  trust  that  this 
award  may  be  an  encouragement  to  you  to  continue  your  good  work. 
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Professor  Oroom  replied  in  the  following  words :— Mr.  President, — 
The  scientific  investigator  has  many  and  varied  soarces  of  pleasure :  among  the 
greatest  of  these  must  be  reckoned  tne  sympathies  of  his  fellow-workers,  and  the 
appreciation  of  his  efforts  by  those  best  qaaMed  to  judge.  It  is  therefore  with 
peculiar  satisfaction  that  I  understand  from  your  kind  words,  and  from  the  honour 
which  the  Council  of  the  Geological  Society  have  conferred  upon  me,  that  my  work 
has  met  with  approval. 

The  President  then  proceeded  to  read  his  Anniversary  Address,  in 
which  he  first  gave  obituary  notices  of  several  Foreign  Members, 
Foreign  Correspondents,  and  Fellows  deceased  since  the  last  annual 
meeting,  including  Professor  R  W.  Bunsen  (elected  F.M.  in  1866), 
Professor  H.  B.  Geinitz  (F.M.  in  1857),  Dr.  Franz  Bitter  von 
Hauer  (F.M.  in  1871),  Charles  Bron^niart  (F.C.  in  1888),  Professor 
Louis  Lartet  (F.C.  in  1882),  Sir  J.  W.  Dawson  (elected  a  Fellow  in 
1864),  G.  Dowker  (el.  1864).  Sir  William  Flower  (el.  1866),  Sir 
Douglas  Galton  (el.  1848),  T.  M.  Hall  (el.  1865),  Dr.  H.  Hicks 
(el.  1871),  Sir  Frederick  McCoy  (el.  1862),  J.  B.Redman  (el.  1882), 
and  John  Raskin  (el.  1840).  He  also  gave  obituary  notices  of  Major 
Lambart  Brickenden,  formerly  for  many  years  a  Fellow  of  the 
Society,  and  of  Lady  Prestwich. 

He  then  referred  to  the  great  advance  in  Geological  Science  in 
his  own  time,  an  advance  that  consisted  largely  of  the  arising  of 
new  lines  of  work  and  not  merely  of  progress  in  old  ones;  thus 
Petrology  was  a  new  branch  of  the  science.  PalsBontology  had 
been  aflfected  by  the  growth  of  the  Theory  of  Evolution.  In 
Physical  (jreology  such  subjects  as  metamorphism,  mountain- 
stmctare,  and  erosion  had  entered  into  new  phases.  In  Strati- 
graphy the  geological  series  had  been  extended  downward  below 
the  Cambrian,  and  at  the  other  end  of  the  scale  our  knowledge 
of  the  Drift  had  greatly  developed,  largely  owing  probably  to 
geological  discoveries  connected  with  the  Antiquity  of  Man. 

He  then  treated  of  the  advance  in  our  knowledge  of  Underground 
Geology,  especially  in  the  South-East  of  England,  a  subject  in  which 
comparatively  litUe  was  known  45  years  ago ;  and  he  described  in 
some  detail  the  underground  extension  and  thickness  of  various 
formations,  particularly  of  those  below  the  Chalk,  under  the  heads 
Upper  Greensand,  Gault,  Lower  Greensand,  Wealden  and  Purbeck, 
Jurassic,  Lias  and  Trias,  and  Older  Rocks  ;  referring  to  the  amount 
of  knowledge  which  we  possess  in  the  London  Basin,  and  its 
southern  border  in  the  Wealden  district,  as  compared  with  the 
Hampshire  Basin. 

He  concluded  that,  as  in  the  past  such  great  progress  had  been 
made,  so  in  the  future  would  progress  continue,  with  the  development 
of  new  ideas  and  fresh  methods  of  work,  so  that  our  younger 
geologists  would  have  plenty  of  work  before  them. 

The  hallot  for  the  Council  and  Officers  was  taken,  and  the  following' were  declared 
duly  elected  for  the  ensuing  year:— CouHcil:  W.T.  Blanford,  LL.D.,  F.K.S. ;  I^ofessor 
T.  O.  Bonney,  D.Sc.,  LL.D.,  F.R.S. ;  Sir  John  Evans,  K.C.B.,  D.C.L.,  LL.D., 
P.R.S. ;  E.  J.  Garwood,  Esq.,  M.A.  ;  Alfred  Marker,  Esq.,  M. A. ;  F.  W.  Hanner, 
Esq.  ;  R.  8.  Berries,  Esq.,  M.A.  ;  Rev.  Edwin  Hill,  M.A. ;  William  Hill.  Esq.  ; 
Professor  J.  W.  Judd,  O.B.,  LL.D.,  F.R.S. ;  Lieut. -General  C.  A.  McMahon, 
F.R.S. ;  H.  W.  Monckton,  Esq.,  F.L.S.;   E.  T.  Newton,  Esq.,  F.R.S.  ;   G.  T. 
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Prior,  Eaq.,  lf.A. ;  F.  W.  Rudler,  Esq. ;  Professor  H.  G.  Seeley,  F.R.S.,  P.L^.  ; 
Professor  W.  J.  Sollas,  M.A.,  D.Sc.,  LL.D.,  F.R.S.;  J.  J,  H.  Teall,  Esq.,  M.A., 
F.R.8. ;  Professor  W.  W.  Watts,  M.A. ;  W.  Whitaker,  Esq.,  B.A..  F.R.S.  ; 
Re?.  H.  H.  Winwood.  M.A. ;  A.  S.  "Woodward,  Esq.,  F.LS. ;  and  H.  B. 
Woodward,  Esq.,  F.R.S. 

OfUers:— President :  J.  J.  H.  Teall,  Esq.,  M.A.,  F.R.S.  Viee-PruidenU : 
Professor  J.  W.  Jndd,  C.B.,  LL.D.,  F.R.S. ;  H.  W.  Monckton,  Esq.,  F.L.S. ; 
Professor  H.  G.  Seeley,  F.R.S.,  F.L.S. ;  and  Professor  W.  J.  Sollas,  M.A.,  D.Sc  „ 
LL.D.,  F.R.S.  Secretaries;  R.  S.  Henries,  Esq.,  M.A.,  and  Professor  W.  W. 
Watts,  M.A.  Foreign  Seeretaty  :  Sir  John  Evans,  K.C.B.,  D.C.L.,  LL.D.,  F.R.8., 
F.L.S.     Treasttrer :  W.  T.  Blanford,  LL.D.,  F.R.S. 
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THE  GEOLOGICAL  SURVEY  OF  EGYPT. 

Sir,— In  No.  427  of  the  Geol.  Mag.,  January,  1900,  p.  40, 
Mr.  H.  J.  L.  Beadnell,  in  a  letter  entitled  "The  Qeological  Survey 
of  Egypt,"  refers  to  an  abstract  report  (in  ZeiUchrifl  fur  praklische 
Oeologie,  Berlin,  November,  1899)  of  my  lecture,  "Neues  zur 
Geologic  und  Palaontologic  Aegyptens  "  (Allgemeine  VersammluDg 
d.  Deutscb.  geol.  Ges.,  1899,  in  Miinchen). 

From  this  abstract  report  he  concludes  that  I  claim  to  have  rayaelf 
*'  discovered  the  existence  of  rocks  of  Cenomanian  age  in  Baharta 
Oasis,"  which,  in  fact,  I  never  visited.  I  never  did  claim  such 
a  thing  in  any  way,  as  shown  by  the  manuscript  of  my  lecture, 
not  yet  printed^  and  I  cannot  possibly  be  made  responsible  for  an 
abstract  report,  which,  as  everyone  sees  from  its  title  and  its 
contents,  is  not  written  by  me  but  by  Mr.  Dieseldorff,  the  reporter 
of  the  Zeitsehrifl  fur  praktisehe  Oeologie.  In  this  paper  the  names 
of  the  geologists  mentioned  in  my  lecture  have  been  left  out  in 
order  to  shorten  it,  and  there  are  other  mistakes  besides  which  I  am 
sorry  I  could  not  correct,  because  a  proof  was  not  sent  to  me  for 
correction.   The  authentic  words  of  my  lecture  will  be  published  soon. 

I  desire  to  mention  the  following  facts  : — Although  I  did  not  my- 
self find  the  fossils  in  the  Cretaceous  formation  of  the  Baharia  Oasis, 
yet  I  was  the  first  to  examine  and  recognize  them  as  Cenomanian, 
and  thus  to  prove  the  Cenomanian  age  of  Baharia.  Mr.  Beadnell 
himself,  who  did  not  at  all  know  the  meaning  of  his  fine  fossils, 
was  surprised  by  my  discovery.     This  he  will  certainly  not  deny. 

But  as  Mr.  Beadnell  justly  sets  a  great  value  upon  being  named 
as  discoverer  of  the  fossils,  I  must  claim  the  same  right  for  myself 
with  respect  to  the  publication  of  notes  in  this  Magazine  on  the 
Palseontology  of  Egypt  In  the  January  number  there  is  an  essay, 
''On  a  New  Species  of  Chelonian  {Podocnemia  agyptiaca)  from 
the  Lower  Miocene  of  Egypt,"  by  C.  W.  Andrews,  who  describes 
some  fossils  collected  by  me  at  Moghara  without  anywhere 
mentioning  my  name. 

I  wish  to  act  in  the  interests  of  my  former  colleagues  in  Egypt 
also  by  asking  the  palaeontologists  of  the  British  Museum  to 
mention  in  each  instance  the  name  of  the  discoverers  of  the  fossils 
referred  to.  M.  Bl^nokenhobn. 

BiRLIK. 

[^Unavoidably  delayed  in  publication. — Edit.  Geol.  Mag.] 
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L — Studies   in    Edbioaste&oidka.     II.   Edriojstmb   Suchiasus 

FOBBBS  8P. 
By  F.  A.  Bathib,  M.A.,  P.G.S. 
(PLATES  Vni,  IX,  AND  X.) 

IN  1848,  under  the  name  AgelaertniteB  BueManua,  Edward  Forbes 
introduoed  to  soienoe  *'  one  of  the  most  remarkable  Oystideaos 
as  jet  disoovered  in  British  strata."  His  desoription  and  figures, 
published  in  his  memoir  ''On  the  Cystidesd  of  the  Silurian  rooks 
of  the  British  Islands  "  (Mem.  Geol.  Surv.  Gt  Brit,  II,  pt  ii ;  see 
pp.  519-^23,  and  pL  xxiii),  have  not  proved  fully  inteUigible  to 
subsequent  workers,  even  to  those  who  have  had  the  fossil  before 
them.  Unfortunately  J.  W.  Salter,  in  his  "  Appendix.  On  the  Fossils 
of  North  Wales,"  to  "  The  Geology  of  North  Wales  "  by  A.  0.  Bamsay 
(Mem.  QeoL  Surv.  Ot.  Brit,  III,  1st  ed.,  1866),  oritioised  a  little,  but 
illuminated  less;  while  the  same  Appendix  in  the  seoond  edition, 
1881,  though  "greatly  enlarged  and  partly  rearranged  by  Robert 
Etheridge,  F.B.S.,"  merely  introduoed  verbal  alterations  into  Salter's 
aocount 

Allusions  to  this  fossil  by  writers  who  have  not  themselves 
examined  it  serve  ohiefly  to  show  the  need  that  exists  for  a  fresh 
description.  Through  the  kindness  of  the  Director-General  of  the 
(Geological  Survey  and  of  Mr.  E.  T.  Newton,  to  whom  my  sincere 
thanks  are  here  offered,  the  original  specimens  were  placed  at 
my  disposal  for  several  months.  About  two  years  ago  the  first 
draft  of  this  paper  and  some  of  the  illustrations  were  sent  to 
Dr.  Otto  Jaekel  in  Berlin,  and  have  been  utilised  on  pp.  44-46 
of  his  splendid  volume  "  Stamraesgeschichte  der  Pelmatozoen. 
I.  Thecoidea  und  Oystoidea  "  (1899).  Thanks  to  Mr.  J.  F.  Whiteaves 
and  the  Director  of  the  Canadian  Geological  Survey,  I  subsequently 
learned  the  true  structure  of  EdrioaBier  Bigsbyi,  which  was  unknown 
to  Dr.  Jaekel  when  he  wrote  the  pages  referred  to.  Henoe  some 
interpretations  in  the  present  aocount  differ  from  those  given 
by  Dr.  Jaekel.  They  agree,  however,  with  the  statements  in 
chapter  xii — The  Edrioasteroidea — of  **A  Treatise  on  Zoology, 
Part  m,  The  Echinoderma,"  edited  by  Professor  E.  Bay  Lankester 
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(London,  1900).    Some  of  the  points  will  be  better  understood 
After  publication  of  Stndy  III,  which  will  deal  with  K  Bigshyi. 

The  terms  used  and  the  arrangement  followed  in  the  present 
aooonnt  are  the  same  as  those  in  Study  I.  DinocyBtis  Barroin} 

HOBIZOM  AND   LOOALITT, 

The  specimens  preserved  under  this  name  in  the  Museum  of 
Practical  (Geology,  V  -yV*  were  obtained  during  the  summer  of  1847 
from  the  Oaradoc  beds,  two  miles  west  of  Tsputty  Evan ;  that  is  to 
say,  about  two  miles  south  of  Pentre  Voelas,  and  therefore  in 
Denbighshire  and  not  in  Caernarvonshire  as  stated  by  J.  W.  Salter 
(op.  cit.,  1866,  p.  262)  and  by  E.  Etheridge,  sen.  (op.  cit,  1881, 
pp.  395  and  407).  Mr.  Etheridge  informs  me  that  the  specimens 
were  not  found  in  situ,  but  were  collected  by  Mr.  Gibbs  from  a  wall 
of  loose  stones,  all  of  the  same  material  There  seems,  however, 
no  reason  to  doubt  that  they  came  from  the  Caradoc  beds  of  some 
quarry  in  the  immediate  vicinity,  for  they  have  the  well-known 
characters  of  those  beds.  The  matrix  is  an  indurated  sandstone, 
hardly  to  be  described  as  "  schistose "  in  any  modem  sense  of  the 
word.  It  contains  remains  of  crinoid  stems,  brachiopods,  and 
corals ;  the  calcareous  portions  of  these  have  been  dissolved  from 
the  outer  portions  of  the  stone,  and  the  same  is  the  case  with  the 
edrioasteroid. 

Dbsobiption  of  the  Type-Speoimsn. 

This  consists  of  an  internal  cast  of  the  whole  individual  (PI.  ViU) 
and  an  external  impression  of  its  abactinal  surface  (PI.  IX).  There 
is  also  preserved,  in  the  central  region  of  the  abactinal  surface  of 
the  cast  (PL  YIII,  Fig.  3),  a  small  portion  of  the  original  theca. 
Except  when  said  to  be  otherwise,  the  statements  refer  to  the 
internal  cast 

The  periphery  is  subpentagonal ;  the  sides  of  the  pentagon 
correspond  to  the  interradial  areas,  and  are  slightly  convex.  The 
length  along  the  sagittal  plane  is  36  mm.  The  transverse  diameter 
is  32  mm.'    The  greatest  width  of  each  side  is  about  20  mm. 

From  the  periphery,  the  theca  rises  rather  steeply,  then  curves 
gently  over  to  a  slight  depression  around  the  aotinal  pole ;  towards 
the  under  surface  it  bends  more  suddenly.  Seen  from  the  side 
(PI.  VIII,  Fig.  2)  the  theca  looks  like  a  round  cap  squashed  in  at 
the  top.  If  the  fossil  be  placed  on  a  flat  surface,  it  reaches  a  height 
of  18*5  mm. ;  but  the  actinal  pole  is  about  3*5  mm.  below  this. 
The  under  surface  is  excavate  to  about  5  mm.,  so  that  the  length  of 
the  polar  axis  is  about  10  mm.  The  specimen  does  not  appear 
to  have  undergone  more  compression  along  this  axis  than  it  was 
capable  of  effecting  spontaneously  during  life. 

»  Gbol.  Mao.,  k.s.,  Dec.  IV,  Vol.  V,  pp.  643-648,  pi.  xii ;   Dec.,  1898. 
*  To  dispel  possible  perplexity,  it  may  be  said  at  once  that  Forbes'  measurements 
are  yery  inaccurate,  sometimes  inexplicably  so. 
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On  the  Upper  Surface  (PL  YIII,  Fig.  1),  fire  Badial  Grooves 

Sroceed  fairly  straight  to  a  distance  of  13  mm.  from  the  aotinal  pole. 
*hey  thea  rather  suddenly  bend  in  a  dextral  or  solar  direction,  and, 
at  about  34  mm.  from  the  actinal  pole,  pass  on  to  the  under  surface 
of  the  theca  (PI.  YIII,  Figs.  2  and  3) ;  here  they  continue  along  the 
edge  until  they  have  attained  a  distance  of  about  46  mm.  from 
the  actinal  pole,  when  they  terminate.  The  width  of  a  groove  in 
the  proximal  half  of  its  course  is  5*5  to  6  mm. ;  where  it  bends 
over  to  the  underside,  the  width  is  about  5  mm.,  and  gradually 
tapers  to  2*5  or  2  mm.,  after  which  it  is  rapidly  rounded  off. 

Of  the  five  grooves,  the  anterior  is  the  most  perfectly  preserved. 
In  its  proximal  half  it  forms  a  rather  deep  V  with  slightly  concave 
sides,  as  shown  in  section.  Fig.  1.  On  the  sides  are  ridges,  passing 
outwards  from  the  median  line  at  an  angle  that  varies  with  the 
curvature  of  the  groove,  but  is  never  far  from  a  right  angle 
(PL  X,  Fig.  6).  These  ridges  represent  the  sutures  between  the 
flooring-plates.  Each  ridge  passes  up  to  a  prominence  of  somewhat 
ovoid  outline,  broader  at  the  end  next  the  groove ;  the  side  of  the 
prominence  towards  the  actinal  pole  has  a  gentler  slope  than 
the  side  away  from  it,  so  that  the  prominence  as  a  whole  seems 
to  pass  outwards  in  an  abactioal  direction.  The  depression  between 
adjacent  prominences  is  continued  as  an  exceedingly  slight  concavity 
down  the  side  of  the  groove  to  the  middle  line ;  slight  though  it  be, 
it  is  observable  in  some  parts  where  the  sutural  ridges  on  either  side 
cannot  be  detected.  The  prominences,  and  consequently  the  sutural 
lines,  on  the  two  sides  of  the  groove  do  not  actually  alternate; 
neither  do  they  quite  correspond.  Therefore  the  ridge  that  may, 
in  places,  be  seen  at  the  bottom  of  the  groove,  representing  the 
suture  between  the  flooring-plates  of  the  two  sides,  bends  alternately 
to  either  side;  in  the  tract  figured  (PL  X,  Fig.  6),  a  long  stretch 
towards  the  right  (of  the  figure)  is  followed  by  a  short  stretch 
towards  the  left. 


Fio.  1.    W////////fiK.  ///////////       M    /IftTfn      fm^    Fio.  2, 


Sections  across  the  internal  cast  of  the  anterior  groore,  both  as  seen  from  the  oral 
side ;   x  4  diam.    v.g»  impression  left  by  floorm^-plates  of  snbvective  groove. 
p,  matrix  rising  up  into  the  pore  between  adjoining  flooring-plates. 
Pio.  1,  from  proximal  region  of  ^oove.  *  ,    i-     m 

Fio.  2,  from  more  distal  region,  just  on  the  periphery  or  ambitus  of  the  fossil. 

The  distal  region  of  any  groove  deviates  from  the  structure  just 
described  only  in  the  proportionately  less  depth  of  the  groove,  in 
the  more  pronounced  alternation  of  the  plates,  and  in  the  relative 
elongation  of  the  prominences,  which  here  merge  more  gradually  into 
the  sutural  ridges.     (See  section  of  cast,  Fig.  2). 

A  wax  squeeze  taken  from  the  impression  of  the  distal  region  of 
a  groove  (e.g.  the  left  posterior,  PL  X,  Fig.  7)  restores  the  appearance 
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formerly  presented  by  ihe  now  vanished  test  as  seen  from  the  outside. 
In  this  r^on  we  see  the  flooring-plates  rising  slightly  above  th^ 
interradial  areas,  then  presenting  a  narrow  flat  sarface,  then  dipping 
down  in  a  slightly  oonvex  onrre  to  the  middle  line  of  the  groove. 
The  groove  is  less  deep  than  in  the  internal  oast,  whioh  means  that 
the  flooring-plates  were  thicker  in  the  middle  of  the  groove  than 
at  its  maigins.  Between  the  flooring-plates,  where  they  bend 
downwards,  are  elongate  slits,  wider  towards  the  margins  of  the 
groove ;  these  oorrespond  to  the  prominences  of  the  internal  oast 

The  right  anterior  and  left  posterior  grooves  are  still  filled  in 
places  by  portions  of  matrix ;  and  the  hollows  between  this  matrix 
and  the  internal  cast  enable  one  to  reoonstract  a  section  of  the 
groove  based  on  actual  measurement.     Fig.  8  is  taken  from  the  left 


Pio.  3. — View  of  the  left  posterior  groove,  as  preserved  in  the  fossil,  x  4  diam. 
ext.  matrix  filling  the  exterior  of  the  groove,  int,  matrix  filling  the  interior 
of  the  test.  ar.  ^ove  on  the  surface  of  the  latter,  p.  matrix  filling  pores 
between  the  noonng-phites.    p\  scars  where  the  same  has  been  broken  away. 

posterior  groove,  at  5*5  mm.  from  its  distal  end  Here  the  plates 
are  abont  1  mm.  thick  at  the  edge  of  the  groove,  bnt  thin  considerably 
towards  the  middle  line. 

A  good  idea  of  the  appearance  of  the  groove  as  seen  from  the 
inside  of  the  test  is  obtained  from  a  wax  squeeze  of  the  internal 
cast  (PI.  X,  Fig.  6). 

Forbes  describes  the  *'  margin  of  the  "  grooves  as  composed  of 
**  areal  or  interambulacral  plates  bearing  2-8  short  elevated  transverse 
ridges,  each  of  which  points  to  the  origin  of  an  ambulacral  plate, 
short  and  oblong ;  a  double  series  of  these  ambulacral  plates  form 
the  canal."  It  is  hard  to  believe  that  Forbes  did  not  understand 
he  was  dealing  with  an  internal  cast ;  yet  this  seems  to  have  been 
the  case,  for  he  proceeds  to  describe  the  external  impressions  of  the 
grooves  as  triangular  arms  **  composed  of  two  rows  of  dove-tailing 
joints,  with  ridges  at  the  articulations  to  lock  into  the  furrows 
bordering  the  arm-canal."  From  this  truly  remarkable  misconception 
arose  an  extraordinary  theory  as  to  the  nature  of  the  radial  grooves 
and  as  to  the  homologies  of  the  ambulacral  areas  in  Eohinoids. 
After  half  a  century  one  need  not  linger  over  mere  errors  of  fact 
in  the  first  sentence  quoted.  The  present  description  and  figures 
will  enable  readers  to  make  the  corrections  themselves. 

Piecing  all  this  evidence  together  as  in  Fig.  4,  we  see  that  each 
radial  groove  was  composed  of  a  double  row  of  flooring-plates,  more 
or  less  alternating,  and  meeting  in  a  median  zigzag  line.  In  the 
proximal  half  of  the  groove  the  long  axis  of  each  of  these  plates, 
nearly  at  right  angles  to  the  middle  line  of  the  groove,  measured 
3-3*5  mm.,  and  the  short  axis,  parallel  to  the  middle  line,  '9  mm. 
The  total  number  of  plates  along  one  side  of  a  groove  was  about  60 
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<o^rUitily  more  than  the  50  whioh  Forbes  oounted).  The  thickness 
ii  the  plates  towards  their  outer  maigins  was  about  1  mm.  The 
plates  were  oontinuous  with  the  intenadial  thecal  plates^  but  rather 
thid^er ;  at  a  little  distance  from  the  edge,  they  bent  downwards 
at  a  rather  sharp  angle,  so  as  to  form  a  V-shaped  trench  with 
slightly  convex  sides.  Seen  from  the  inside  the  plates  formed 
a  ndge,  with  sides  at  first  steep,  then  gradually  rounding  over. 


Fie.  4. — ReeoDfitracted  8ecti<m  acroas  a  subTectiTe  g^rooye.  x  6  diam.  Compare 
with  Fig.  1  on  p.  195,  and  Fig.  3  on  p.  196.  The  relationB  of  the  coTermj^* 
plates  are  inferred  from  Edrioatter  Biqthyi.  The  position  of  the  perradial 
water- Tessel  and  its  branch  to  the  podium  is  dedneed  from  the  remains  of 
X.  Bifftbjfi  and  the  present  species.  Natoral  sntore-sorfoces  are  dotted ;  cut 
surfaces  axe  ruled  diagonally ;  supposed  soft  parts  are  in  broken  outline. 
f,ff.  subvective  groove,  c.p.  coTering-plates.  /.p.  flooring-plates,  t.a. 
interambulacrals.  w,  perradial  water-Tessel,  connected  by  a  branch  with  the 
podium,  p,    amp.  ampulla  oonnected  wilh  the  podium  through  the  pore. 

The  adjacent  sides  of  the  plates  were  excavate  so  that  pores  were 
formed  between  them.  Thus  the  groove  was  fringed  with  a  row 
of  pores  on  either  side.  These  pores  lay,  not  at  the  extreme 
margin,  but  just  where  the  plates  bent  downwards ;  they  passed 
outwards  at  an  angle  sloped  away  from  the  actinal  centre ;  they 
were  wider  in  the  proximal  portion  of  the  groove,  and  more  elongate 
in  the  distal  portion.  We  may  infer  from  the  as  yet  undescribed 
structure  of  JSdr%oa$Ur  Big$byi,  that  the  groove  was  roofed  by 
covering-plates,  which  rested  on  the  flattened  border.  But  these 
oovering-plates  must  have  been  detached  and  washed  away  before 
the  theca  was  imbedded,  since  no  traces  of  them  remain. 

Around  the  Actinal  Pole  the  form  of  the  internal  cast  is  itither 
complicated  (PI.  X,  Fig.  2i).  The  grooves  curve  down  towards  the 
pole,  and  at  2  or  3  mm.  from  the  pole  itself  they  bend  downwarda 
sharply.  The  central  region  is  occupied  by  an  irregularly  shaped 
mass  of  matrix,  with  a  broken  surface  about  8*6  mm.  below  the  highest 
point  of  the  cast  This  mass  probably  represents  the  oesophagus. 
It  is  Burrounded  by  a  channd  or,  as  it  were;  a  moat,  into  which  the 
down-bent  grooves  lead.  At  certain  points,  however,  this  moat  is 
bridged  by  matrix,  and  in  the  two  rays  of  the  left  side  the  extreme 
proximal  ends  of  the  grooves  are  similarly  bridged.  These  bridges 
look  like  continuations  of  the  prominences  or  infiUings  of  the  proximal 
pores.  In  the  posterior  interradius  is  a  similar  lump  of  matrix, 
mistakenly  alluded  to  by  Forbes  (op.  cit,  p.  522)  as  "  the  projection 
which  bore  the  anus."    ^is.  is  separated  from  the  oesophageal: 
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matrix  by  the  moat,  and  is  itself  bordered  on  its  outer  side  by 
a  semicircular  channel,  which  dips  down  on  each  side  to  join  the 
moat;  just  at  those  points,  this  channel  is  very  nearly  bridged  by 
projections  from  its  enclosed  matrix  almost  joining  the  proximal 
prominences  of  the  adjacent  rays.  Owing  to  the  bridging  and 
overhanging  of  the  matrix,  it  is  impossible  to  obtain  a  satisfactory 
wax  squeeze  of  the  channels ;  but,  translating  the  appearances  into 
the  original  stereom  structures,  we  infer  that  the  month  was  central 
and  roughly  five-lobed,  widest  on  the  posterior  side,  and  that  it 
was  surrounded  by  a  stout  ring  of  stereom,  over  which  the  food- 
grooves  passed.  This  latter  structure  may  possibly  be  that  described 
by  Salter  (op.  cit,  p.  291)  as  "a  great  thickening  of  the  oral 
ossicles,  just  within  the  mouth."  The  proximal  or  adoral  pores 
were  connected  with  one  another  above  this  stereom  ring,  but  below 
the  outer  theca,  so  as  to  form  a  closed  ring-canal  (hydrocircus) 
around  the  mouth.  In  the  posterior  interradius  was  a  madreporite 
or  hydropore-plate,  the  inner  surface  of  which  formed  a  semicircular 
projection  for  the  attachment  of  the  upper  end  of  the  stone-canal. 
This  was  more  or  less  directly  connected  with  the  ring-canal.  The 
existence  of  pores  along  the  radial  grooves  almost  certainly  implies 
the  presence  of  podia,  as  well  as  of  perradial  water- vessels  connecting 
the  latter  with  the  ring-canal.  But  the  specimen  does  not  afford 
satisfactory  evidence  as  to  the  position  of  the  perradial  vessels. 

The  shape  of  the  Interradial  Areas  has  been  figured  by  Forbes 
(op.  cit.,  pi.  xxiii,  fig.  5),  but  the  arrangement  of  the  plates  thus 
represented,  though  not  ridiculous,  is  imaginary  so  far  as  details  are 
concerned.  His  drawing,  however,  presents  a  certain  resemblance 
to  the  left  anterior  interradial  area,  here  refigured  (Fig.  5).     This 


Fio.  6.  X  1>^>4  Fio.  6. 


Fio.  5. — ^Arrangement  of  plates  in  left  anterior  interradins.    Nat.  size. 

Fio,  6.— Arrangement  of  plates  in  npper  part  of  posterior  interradins.    Nat.  size. 

tte,  depression  caused  by  stone-canaL     tMt,  degression  perhaps  caused  by 

mesentery. 

shows  the  marks  left  by  the  plates  pretty  clearly,  and  indicates 
that  they  were  irregular  polygons  of  various  sizes,  apparently  not 
imbricate.  The  only  regularity  visible  in  their  arrangement  here 
is  a  band  of  plates  bordering  the  right  side  of  the  area,  and 
passing  across  it  at  the  lower  edge  of  the  theca,  while  another  less 
regular  band  runs  parallel  to,  and  on  the  inner  or  left  side  of,  this 
outer  one.  Down  to  and  including  these  bands,  there  were  86  plates 
in  the  left  anterior  interradial  area.    The  greatest  width  of  this 
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area  is  13-75  mm. ;  that  of  the  posterior  area  is  16*5  mm.  The  latter 
also  tapers  less  rapidly  towards  its  actinal  end^  where  the  hjdropore 
was  situated. 

The  greater  width  of  the  posterior  interradial  area  (Fig.  6  and 
PI.  YIII,  Fig.  1)  is  dae  to  the  anal  opening,  which  lay  in  this  area 
aboat  half  a  millimetre  to  the  left  of  its  middle  line  and  at  11  mm. 
from  the  aotinal  pole.  The  anal  pyramid  (''  ovarian  pyramid  '*  of 
Forbes)  was  not  a  regularly  oonstmcted  pyramid  surrounded  by 
a  definite  rim,  but  was  a  roughly  oiroular  area  of  about  6*25  mm.  in 
diameter,  the  plates  of  which  appear  to  have  risen  from  under  the 
edges  of  the  surrounding  interradials.  The  plates  oontained  within 
this  circle  seem  to  have  been  irregularly  disposed  in  two  circlets. 
The  plates  of  the  outer  circlet  were  not  so  long  as  those  of  the 
inner.  These  latter  were  roughly  triangular  and  met  in  a  central 
point,  where  doubtless  was  the  anus;  the  sutures  indicate  their 
number  as  11,  although  Forbes  estimated  them  at  only  5.  The 
anal  pyramid  can  hardly  be  described  as  raised;  but  above  it, 
and  half  surrounding  it,  is  a  semicircular  depression  with  three 
concentric  wrinkles  plainly  marked  on  its  left  side.  Immediately 
on  the  right  of  the  anus,  the  test  is  not  depressed.  In  the  adjacent 
(r.  post.)  interradius  there  is  a  slight  elevation  of  the  theca  at  this 
level,  clearly  shown  in  the  side-view  (PL  VIII,  Fig.  2).  The 
wrinkled  depression  in  the  anal  interradius  may  be  ascribed  to 
the  contraction  after  death  of  some  internal  structure,  presumably 
the  mesentery  attaching  the  stone-canal  to  the  theca.  The  slight 
swelling  that  curves  round  from  the  anus  may  indicate  the  course 
of  the  rectum ;  and  this  would  imply  that  the  gut  had  a  dextral 
ooiL     Jaekel  also  has  expressed  this  view  (op.  cit,  p.  46). 

The  Under  or  Abactinal  Surface  of  the  theca  (PI.  YIU, 
Fig.  3,  and  PI.  IX)  is  partly  bounded  by  the  dextrally  curved  ends 
of  the  radial  grooves,  which,  as  seen  from  below,  of  course  appear 
sinistral.  The  excavate  space  included  by  these  may  be  divided 
into  three  regions,  which,  proceeding  from  without  inwards  (Le.  from 
oral  to  aboral),  are  as  follows : — 

(1)  Peripheral  Area. — A  closed  ring  formed  by  small  polygonal 
plates  like  the  interradials,  with  which  they  are  in  fact  serially 
homologous.  These  plates  are  roughly  arranged  in  rows  continuing 
the  spiral  twist  of  the  grooves.  They  are  a  little  smaller  than  the 
majority  of  the  interradials,  and  their  long  axes  are  directed  more 
or  less  radially  to  the  vertical  axis  of  the  theca. 

(2)  The  Frame. — A  closed  ring  of  11  thicker  and  larger  plates, 
wiUi  their  long  axes  tangential  to  the  vertical  axis  of  the  theca. 
Their  outer  margins  are  slightly  scolloped  by  the  sutures  with  the 
plates  of  the  peripheral  area ;  the  inner  margin  of  each  forma 
a  curve,  convex  towards  the  aboral  pole.  These  plates  seem  to 
alternate  in  size,  a  smaller  plate  corresponding  to  each  interradius 
and  a  larger  to  each  radius.  Two  plates  go  to  the  wider  posterior 
area.  Too  much  stress,  however,  must  not  be  laid  on  this  slight 
appearance  of  regularity.  These  plates  were  ornamented  with 
small  tnberdes,  the  traces  of  which  are  seen  on  both  the  cast  and 
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the  impreBsiony  more  pronomioad  than  those  left  Igr  the  interradiale 
of  the  aotinal  surfooe.  . 

(8)  Central  Area. — The  whole  space  within  the  frame  is  still 
dovered  in  the  oast  hy  what  appears   to  have    been  «  flexible 


Fio.  7. —  General  section  aeroei  the  iheca  of  EdriotmUr  Buehionmt^  about  in  ^ 
tramreraal  plane.  NaAmnl  aze.  i,  iii,  ir,  three  enbrecttre  groores  (comiMre 
Plate  VIII).  p$,  peristome,  the  thickening  of  the  otrounussophageal  ring 
not  shown,  per.  peripheral  area  of  the  abaotinal  suzfaoe.  emU.  <»itral  area 
of  same,    fi,  frame  snrronnding  the  latter. 

Integ^iment,  in  which  were  deposited  minute,  loosely  calcified, 
imbricating  plates.  The  imbrication  is  such  that  the  outer  edges 
of  the  plates  are  directed  away  from  the  abaotinal  pole.  The  exact 
arrangement  of  this,  and  its  relation  to  the  surrounding  plates,  are, 
howerer,  best  made  out  from  a  wax  squeese  (PL  X,  F^  1  and  8) 
of  the  impression  (PL  IX). 

Forbes  speaks  of  tlus  central  portion  as  a  ''  tough  membrane," 
oyer  which  <'  from  the  centre  radiating  Hues,  with  the  appearance 
of  having  been  caused  by  vessels,  proved,  dividing  in  their  course 
.  •  •  The  markings  .  .  .  resemble  those  of  hehadite:^* 
There  can  be  no  doubt,  now  that  we  know  the  structure  of  other 
Agelacrinidfld  so  much  better  than  Forbes  could,  that  these  lines  are 
merely,  the  edges  of  imbricating  plates.  This  was  fully  recognised 
by  Salter  (op.  cit,  p.  291). 

Forbes'  view  is  here  mentioned  in  order  to  explain  his  next 
sentence.  ^'The  plates  immediately  bordering  it  [the  membrane] 
are  rather  larger  thaji  the  others,  and  all  the  plates  of  the  base 
are  marked  with  twin  pore-like  dots,  connected  by  a  groove."  By 
"  all  the  plates  of  the  base  "  we  must  understand,  not  the  minute 
imbricating  plates  of  the  membrane,  but  the  11  plates  forming  the 
frame,  and  the  smaller  plates  of  the  peripheral  area.     Forbes* 

SL  xxiii,  fig.  7,  shows  these  diplopores  on  one  of  the  frame-plates, 
pt  not  on  the  membrane,  while  the  peripheral  plates  are  only 
drawn  in  outline.  I  have  been  quite  unable  to  distinguish  any 
strocture  at  all  resembling  the  diplopores  so  clearly  described  and 
figured  by  Forbes ;  there  is  nothing  more  than  the  tuberoulation 
already  referred  ta  Salter  says,  *'  The  surface  of  the  plates  [in 
general]  is  granular,  but  I  can  see  no  trace  of  mines;  nor  can 
I. see  the  chain-like  pairs  of  pores  on  the  puckered  membrane,  aa 
figured  by  Forbes  in  his  fig.  7.  I  think  the  artist  has  been  deceived 
by  the  imbrication  of  the  small  calcareous  plates  which  covered  this 
surface."  The  chief  conclusion  to  be  drawn  from  these  bewildering 
remarks  is  that  Salter  did  not  take  the  trouble  to  understand  the 
dear  description  and  figure  of  his  predecessoc    Salter's  statement^ 
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lu>weTery  was  repeated  in  modified  language  by  Etheridge  (op.  bit, 
p.  482),  and  it  may  therefore  be  considered  that  two  paladontologisto 
of  repute  were,  as  I  am,  nnable  to  see  Uie  diplopores  described  by 
Forbes  and  drawn  by  0.  B.  Bone. 

The  most  important  featares  of  the  abaotinal  membrane  are 
5  prominences  or  eraginations  of  it  They  form  a  fairly  regular 
pentagon,  each  corresponding  to  an  interradius,  bat  they  bear  no 
eyident  relation  to  the  angles  of  the  central  area.  Each  evagination 
has  a  ronnded  U-shaped  margin,  the  apex  directed  away  from  the 
thecal  axis.  The  raised  margins  are  not  absolutely  continuous. 
Within  the  margins  the  membrane  is  again  depressed,  and  just  in 
the  middle,  about  the  actinal  pole,  it  cannot  be  traced  in  either  cast 
or  impression.  Possibly  it  was  here  very  thin  and  contained  no 
imbricating  calcareous  plates.  There  is,  however,  no  evidence  that 
there  was  either  a  stem-attachment,  as  Forbes  thought,  or  any 
opening  from  the  gut  or  the  body-cavity  to  the  exterior. 

These  evaginations  of  the  abend  membrane,  alluded  to  by  Forbes 
as  "prominences"  (p.  622)  and  "peduncles"  (p. 588),  received  another 
explanation  from  Wyville  Thomson.^  He  writes  (p.  110) :  "  In  the 
specimen  of  AgeL  Buohianus  (Forbes),  in  Jenny n  Street,  there  is 
a  rudely  pentagonal  stamp  on  the  apical  surface,  which  is  probably 
the  impression  of  the  wide  base  of  a  pyramid  of  jaws  like  that  of 
Echinooystites,  on  the  inside  of  the  coriaceous  integument"  This 
is  very  incorrectly  expressed,  and  were  it  not  for  some  remarks  by 
Salter  (op.  cit,  pp.  290,  291),  would  be  unintelligible.  By  "the 
pentagonal  stamp,"  Thomson  seems  to  have  meant,  as  Salter  says, 
"the  five  indentations  figured  by  Forbes,  fig.  6,"  i.e.  indentations 
not  on  the  apical  surface,  but  on  the  impression  of  that  surface, 
and  therefore  not  really  indentations  but  prominences.  Salter, 
attempting  to  improve  on  Thomson,  speaks  of  them  as  "  large  buccal 
teeth  •  .  •  which  must,  I  suppose,  represent  the  '  lantern '  in 
the  EcAtntM." 

To  this  interpretation  of  the  prominences  there  are  objections 
of  three  distinct  kinds.  First,  tiie  specimen,  thpugh  it  shows  tracea 
of  the  circumoral  ring  plainly  enough,  shows  within  or  below  thia 
ring  no  traces  whatever  of  jaws  or  teeth.  Secondly,  the  buccal 
armature  of  I^alaodUcug  would  not  make  an  impression  of  this 
nature  or  in  this  position,  while  that  of  EchinoeystU  is  not  large 
enough  to  make  any  such  impression  at  all.^  Thirdly,  it  is  incon- 
ceivable that  an  Echinoderm  of  distinctly  pelmatozoan  type,  with 
mouth  upturned  and  with  deep  subvective  grooves,  can  have  had  any 
use  for  stout  biting  jaws ;  even  if  descended  from  a  gnathostomatous 
Ecbinoid  (a  quite  absurd  supposition)  it  would  have  lost  its  jaws 
before  attaining  its  present  habit  and  structure. 

The  meaning  of  these  five  extrusions  of  the  aboral  membrane 
must  be  sought  among  other  Pelmatozoa.    They  must  have  been 

*  0.  ^V'yrille  Thomson,  "  On  a  new  PalsDozoio  Group  of  Echinodermata*' : 
Edinlrareh  New  Phil.  Jonrn.,  n.s.,  toI.  xiii,  pp.  106-117,  pi»>  iii,  it;  Jan.,  1861. 

*  See  W.  J.  Sollas,  «  On  Silurian  Ediinoidea  and  Ophlnroidea"  :  Qoart.  Jonrn. 
<3eoL  floe^  toL  Ir,  pp.  692-716 ;  Nor.,  1S99. 
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made  by  some  system  of  organs  that  had  undergone  division  into' 
five,  and  had  the  pentameres  interradiaL  The  stomaoh,  gonads  of 
Eohinoid  type,  and  vrater-vasoular  system  seem  therefore  to  be 
excluded,  while  the  chambered  organ  of  crinoids  is  forcibly  suggested. 
It  is  clear  that  the  frame  of  11  large  plates  gave  some  rigidity 
to  the  base,  while  within  this  the  membrane  was  very  flexible, 
capable  of  extension  and  contraction.  These  arrangements  may 
have  served  a  twofold  purpose.  If  the  theca  were  compressed  by 
any  external  agent,  the  soft  parts  and  the  fluid  contents  of  the  coelom 
would  have  been  squeezed  out  into  this  extensile  sac,  which  thus 
acted  as  a  safety-valve.  Or  the  vertical  mesenteries  of  the  coelom 
may  have  been  attached  to  it,  and,  developing  muscles  as  in 
Echinotburidao,  may  have  been  able  to  withdraw  it  within  the 
frame ;  if  the  outer  edge  of  the  theca  were  closely  apposed  to  the 
ground,  the  effect  of  this  would  be  to  create  a  vacuum  and  so  hold 
the  creature  in  its  position  like  a  limpet.  In  the  dead  animal,  when 
the  tissues  shrank,  the  aboral  membrane  was  naturally  pulled 
upwards,  and  at  the  same  time  other  parts  of  the  theca  were 
pulled  inwards.  Hence  arose  the  stretching  of  the  membrane  over 
the  internal  (?  chambered)  organs,  in  the  same  way  as  the  wrinkled 
depression  already  noticed  in  the  posterior  interradius.  JaekeFs 
opinion  that  the  central  area  of  the  abaotinal  surface  was  fixed 
(aufgewaehsen)  on  a  not  quite  hard  bottom,  does  not  seem  in  aooord 
with  the  shape  of  the  theca  or  with  the  sharp  definition  of  these 
five  lobes. 

Othkb  Speoihbns. 

The  various  stem-fragments  ascribed  by  Forbes  to  this  species 
can,  as  already  noted  by  Salter  and  Etheridge,  have  had  nothing 
to  do  with  it.  They  were  found  in  the  same  stone  wall,  but  not 
in  juxtaposition  with  the  theca.  Neither  can  the  4-rayed  impression 
so  badly  represented  in  Forbes'  pi.  xxiii,  fig.  14,  be  regarded  as 
*'  the  impression  of  the  base,  probably  of  a  similar  cystidean." 

There  was  found,  however,  one  other  fragment,  which  I  am 
unable  to  fit  on  to  the  type-specimen,  and  therefore  regard  as 
indicating  the  existence  of  another  individual.  It  is  an  impression 
of  part  of  an  ambulacrum,  16  mm.  long,  and  of  portions  of  the 
adjacent  interambulacra,  one  of  which  shows  very  clearly  the 
markings  produced  by  the  ornament  of  the  plates  (PL  X,  Fig.  3). 

No  other  specimen  of  this  species  is  known. 

Ststsmatio  Position. 

Forbes  called  this  species  Agelaerinite$  Buehianus,  comparing  it 
first  with  the  specimen  discovered  by  Bigsby,  and  described  and 
figured  by  G.  B.  Sowerby  in  the  Zoological  Journal  (vol.  ii» 
pp.  318-320,  pi.  xi,  fig.  5,  1826),  and  afterwi^s  nAtned  Agelaerinites 
Diehsoni  by  E.  Billings  (1856) ;  and  secondly  with  Agelacrinite$ 
hamilUmenBtB,  Yanuxem,  which  is  the  type  of  the  genus.  Forbes 
oonsidered  it  as  a  Oystid,  allied  to  the  Echinoidea. 

Salter  (op.  cit,  p.  290),  while  retaining  the  species  in  Agelacrinua, 
considered  it  as  more  allied  to  the  species  described  by  Billings  as 
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Edrioaster  Bigshyi,  1858.  In  the  list  on  p.  262  of  the  same  work 
it  is  aotnally  called  *'  Mnoanier  BucUi  (Agdaerinus,  Forbes)."  The 
same  is  the  oase  in  Etheridge's  revision  of  Salter  (pp.  481  and  895). 
Salter's  opinion  is  abundantly  justified  not  only  by  the  details  of 
the  present  paper,  but  by  the  new  faots  oonceming  ^r%oa$Ur 
Bigsbyi,  which  will  form  the  subject  of  the  next  study.  To  that  it 
is  better  to  postpone  the  diagnoses  of  the  genus  and  of  the  present 
species. 

EXPLANATION  OP  PLATES  VIII,  IX,  akd  X. 

EdBIOASTBB  BUOHIAKXTI. 

[AH  the  fignres  are  from  the  type-specimen  in  the  Museum  of  Practical  Geologr^ 
except  Pl.  X,  Fifl^.  3,  which  is  from  a  fragment  associated  with  it.  Plated  yfll 
and  IX  are  based  on  photographs  by  Mr.  J.  Green ;  the  figures  of  Plate  X  are 
drawn  directly  from  the  specimens  or  from  wax  squeezes  thereof.  The  figures  of 
Plates  YIII  and  IX  are  magnified  two  diameters ;  those  of  Plate  X  are  enlarged 
to  the  extent  stated  under  each.  Difficulties  of  lighting  have  rendered  impoesiole 
a  rigorous  maintenance  of  the  standard  orientation ;  where  doubt  might  have  arisen 
the  position  of  the  anal  interradius  has  been  marked  by  a  *.] 

Platb  YIII.— The  internal  cast. 

Fio.  1. — Actinal  surface,  showing  peristomial  and  anal  areas  clearly,  and  the 
subvectiye  grooves  here  occupying  an  almost  strictly  radial  position  and 
marked  i-v  from  left  posterior  to  right  posterior. 

Fig.  2. — Side  view,  showing  the  curvature  of  the  subvective  grooves.  The  anterior 
groove  (iii)  passes  across  the  middle  of  the  fi^e.  The  plates  of  the  right 
anterior  interradius  (between  iii  and  iv)  are  fairly  distinct. 

Fio.  3. — Abactinal  surface,  showing  in  its  central  area  a  portion  of  the  original 
test  (compare  PI.  X,  Fi^.  8).  The  numbers  i^v  here  correspond  to  those  ol 
Fig.  1,  and  mark  the  radii,  while  the  subvective  groove  corresponding  to  each 
number  is  now  seen  to  have  passed  through  fully  one-fifth  of  the  circimiference 
away  from  it :  e.g.  the  anterior  groove  (iii  of  Fig.  1)  now  comes  into  the 
right  anterior  ramus  (iv).  Close  to  number  ii  some  matrix  fills  the  groove, 
and  on  this  is  the  impression  of  a  columnal  of  some  crinoid  or  cystid. 

Platb  IX. — The  external  impression  of  the  abactinal  surface.  The  upper  fieure  is 
lit  from  the  right  hand,  the  lower  fieure  from  the  left  hand.  1  hese  figures, 
with  Fig.  3  of  PL  VIII,  give  the  evidence  on  which  PI.  X,  Fig.  8  is  based. 

Platb  X. — Enlarged  details. 

Fio.  1. — A  wax  squeeze  from  a  portion  of  the  impression  of  the  abactinal 
surface,  showing  accurately  the  relations  of  the  plates ;  x  3  diameters. 
Compare  Forbes,  pl.  xxiii,  fig.  7.  cMt,  small  plates  of  the  central  area. 
fr,  a  frame- plate,  per,  plates  of  the  perradial  area.  s.  suture  between  two 
of  the  latter,  apparently  crenulate.  ffr.  portion  of  left  anterior  subvective 
groove.   coL  columnal  lying  on  matrix  that  fills  a  part  of  this  groove. 

Fio.  2. — The  peristomial  region  of  the  internal  cast,  sughtly  diagrammatised,  and 
seen  from  right  posterior  interradius  ;  x  2  diam.  H.c,  a  depression  where 
a  semicircular  ridge  on  the  inside  of  the  test  is  supposed  to  have  supported  the 
stone-canal ;  the  matrix  within  this  would  thus  nave  underlain  the  madre- 
porite.  068.  matrix  filling  the  oesophagus.  e,o,fr,  hollow  space  surrounding 
the  latter  and  presumed  to  have  been  occupied  by  a  circumoesophageal  frame 
of  plates  (mooified  fiooring-plates).  to.v,  strands  of  matrix  bridging  over 
the  space  just  mentioned ;  uiey  seem  to  be  serially  homologous  with  vie  podial 
or  pore  scars,  and  may  represent  water-vessels  connecting  the  adoral  podia 
with  a  circumoral  water-ring. 

Fio.  3.~lnterambulacrals  showing  Termiculate  ornament  and  raised,  slightly 
crenulate  suture-margins.  From  a  wax  squeeze  of  a  fragment  associated  witn 
the  trpe.     x  f . 

Fio.  4. — Flooring-plates  in  the  distal  region  of  the  left  anterior  groove,  drawn 
from  a  wax  squeeze  of  the  external  impression,     x  6  diam. 
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-  Fzo.  6. — ^Portion  of  the  anterior  grooTe  as  seen  oq  the  inaidB  of  the  test,  drtml 
from  a  wax  squeeze  of  the  mtemal  cast ;  x  b  diam.  to.  jnteminhnlacrak. 
p.  pores  for  tne  p&^^Bjro  of  the  podia  or  of  the  ampullffi  from  the  podia. 
f,p,  flooring-plates.    The  proximal  end  is  uppermost  in  the  drawing. 

Fio.  6. — The  mtemal  cast  of  part  of  a  sahvectiTe  groore  ;  the  oomplemeni  of 
Fig.  d.  X  6  diam.  j/.  projecting  scan  of  matrix  that  filled  the  podial 
pons. 

Fio.  7. — ^The  distal  end  of  the  left  posterior  groove,  from  a  wax  squeeze  of  the 
external  impression ;   x  4  diam.    Lettering  as  in  Fig.  6. 

Fio.  8. — The  central  part  of  the  abactinal  simace,  from  a  wax  squeeze  of  ti^ 
external  cast  (PI.  iX),  slightly  diagrammatised,  since  details  are  often  ohscuro 
in  the  specimen ;  x  3  diam.  per,  peripheral  area,  fr,  frame,  cent,  central 
area,  with  its  flexible  plated  membrane,  raised  in  fire  interradiall]^  situate 
lobes.  *  position  of  posterior  (anal)  inteiradius.  p.ia.  the  meridian  in  which 
plates  of  the  posterior  interradius  (i.e.  posterior  interambulacrals]  pass  from 
the  actinal  to  the  abactinal  surface  and  meige  with  the  peripheral  pbttes  of 
the  latter. 

IL — ^Bala  Lake  and  the  Biybb  Sybtkm  of  North  Walks. 

By  Philip  Lake,  M.A.,  F.G.8. 

Introduction, 

THE  eYolation  of  rivers  and  the  origin  of  lakes  have  reoently 
attracted  a  considerable  share  of  attention ;  and  the  principles 
which  should  gnide  us  in  tracing  the  deYclopment  of  a  drainage 
system  have  been  expounded  by  several  authors,  both  in  England 
and  in  America. 

Little,  however,  has  been  written  on  the  lakes  and  rivers  of 
North  Wales.  In  1876  Bamsay,^  who  was  one  of  the  pioneers  in 
questions  of  this  kind,  endeavoured  to  decipher  the  history  of  the 
Dee  and  of  Bala  Lake ;  and  subsequently  he  performed  a  similar 
office  for  the  Olwyd.'  More  recently  Mr.  Strahan  and  Mr.  Morton' 
have  dealt  with  the  latter  river. 

A  few  papers,*  also,  have  been  written  on  the  tarns  or  '  Llyniau ' 
of  Caernarvonshire ;  but  with  these  we  are  not  directly  concerned. 

In  the  following  pages  an  attempt  is  made  to  explain  the  origin 
of  Bala  Lake,  and  to  show  how  the  river  system  of  North  Wales 
was  established  and  was  subsequently  modified ;  but  the  formation 
of  the  Yale  of  Olwyd  is  barely  touched  in  this  investigation. 

It  is  scarcely  necessary  to  point  out  how  deeply  I  am  indebted 
to  the  writings  of  Mr.  Marr,  to  which,  in  fact,  whatever  there  may 
be  of  value  in  my  labours  is  primarily  due.  For  although  the 
present  drainage  system  of  North  Wales  differs  greatly  from  that 
of  Cumberland  and  Westmoreland,  yet  in  some  respects  the  resem- 
blance is  so  close  that  it  is  Mr.  Marr's  work  in  the  Lake  District 
which  has  enabled  me  to  attempt  an  interpretation  of  the  river 

1  Quart.  Joum.  Oeol.  Soc.,  toL  xxxii  (1876),  pp.  219-229.    See  also  Mem.  GeoL 
8ury.,  ToL  iii  (ISSl),  2nd  ed.,  pp.  314-323. 
'  Mem.  Geol.  Sorv.,  vol.  iii  (1881),  2nd  ed.,  pp.  306-313. 

*  O.  H.  Morton:  Proc.  Liverpool  Geol.  Soc.,  vol.  viii  (1897-98),  pp.  32-65, 
281-204.    A.  Strahan:  Geol.  Mao.,  1899,  pp.  111-117. 

*  W.  W.  Watts:  Brit  Assoc.  Keports,  1«96,  pp.  683,  684.  W.  A.  Brend: 
Obol.  Mao.,  1897,  pp.  404-407.  J.  £.  Man  &  K.  H.  Adie:  Gbol.  Mao.,  IS^S, 
pp.  61-61. 
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msfem  of  North  Wales.  Hr.  Harr,  however,  finds  tio  eridenoe  of 
ike  differential  movements  which  seem  in  Wales  to  have  played  so 
important  a  part  in  modifying  the  original  drainage  system* 

My  thanks  are  also  dne  to  Mr.  A.  L.  Hall,  of  Cains  College^ 
Camhridge,  and  to  Mr.  J.  B.  Scrivener,  of  Hertford  College, 
Oxford,  for  invaluable  assistance  in  sounding  Bala  Lake ;  and  I  am, 
hesides,  under  obligation  to  Mr.  Hall  for  help  in  other  portions  of 
the  work. 


Pig.  1. 

Contours  below  1,000  feet  indicated  by  dotted  lines. 
Contours  1,000  feet  and  over  indicated  by  continuous  lines. 

Topography  of  Bala  Lake  and  of  the  valley  in  which  it  lies, 

Bala  Lake  (see  Fig.  1),  the  largest  natural  sheet  of  water  in 
Wales,  is  nearly  four  miles  long  and  about  half  a  mile  wide.  It  is 
oblong  in  shape  and  unusually  regular,  the  two  sides  being  remark- 
ably straight  and  parallel,  so  that  the  width  is  nearly  uniform 
throughout.  The  straightness  of  the  sides  is  interrupted  only  by 
the  peninsulas  of  Llafar,  Llangower,  and  one  or  two  smaller  points  ; 
and  all  of  these  are  mere  tongues  of  alluvium.  At  each  end  there 
is  a  wide  alluvial  plain,  and  the  lake  owes  its  symmetry  partly, 
but  not  entirely,  to  these  alluvial  deposits. 

On  February  19,  1885,  the  surface  of  the  water  was  determined 
by  the  Ordnance  Survey  to  be  529*9  feet  above  Ordnance  Datum ; ' 

^  Merionethshire  (6  inches  to  1  mile) :  Quarter-sheets  xxii  S.W.,  xxii  N.W.,  and 
xxiiN.E. 
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and  on  Angost  3, 1899,  in  a  dry  season,  Mr.  Hall  and  I  foand  it  to 
be  15-3  feet  below  B.M.  5437  (about  a  mile  soath-west  of  Llan* 
gower),  or  628'4  feet  above  O.D.  The  level  of  the  water,  therefore, 
seems  to  vary  bat  little,  and  it  may  be  taken  as  about  530  feet 
above  the  sea. 

The  depth  of  the  lake  is  stated  by  Ramsay  to  be  about  130  feet^ 
On  August  1,  1899,  Mr.  Hall,  Mr.  Scrivenor,  and  myself  took 
a  series  of  soundings,  and  the  greatest  depth  whioh  we  measured 
was  126  feet.  This  was  at  a  point  a  little  distance  north  of  the 
Llangower  peninsula. 

Our  soundings  were  taken  along  the  three  lines  shown  upon 
the^  map  (Fig.  1).  As  they  were  made  with  '  water-cord,'  which 
is  liable  to  stretch,  they  are  not  exact,  but  (corrected  by  subsequent 
experiment)  they  are  probably  not  more  than  a  few  feet  out  in  any 
case.    All  the  sections'  (Fig.  2)  showed  that  the  sides  of  the  lake 


Fio.  2.— Sections  of  Bala  Lake  along  the  lines  A-B  and  E-F  in  Fig.  1.    Scale 
(horizontal  and  Tertical),  S  inches  =  1  mile. 

slope  inwards  at  an  angle,  which,  indeed,  is  not  very  steep ;  but  the 
bottom  of  the  slope  is  well  defined,  and  the  central  portion  of  each 
section  is  nearly  flat  The  maximum  depth  in  the  line  A-B  was 
66  feet,  in  the  line  C-D  77  feet,  and  in  the  line  E-F  126  feet.  The 
floor  of  the  lake,  therefore,  appears  to  slope  from  north-east  to 
south-west^  that  is  to  say,  in  a  direction  opposite  to  the  present 
flow  of  the  water.  It  would,  however,  require  a  more  extended 
series  of  observations  to  prove  that  this  slope  is  continuous. 

In  the  paper  already  mentioned,'  Bamsay  assumes  that  there 
never  could  have  been  any  other  outlet  for  the  water  of  the  lake 
than  the  channel  of  the  Dee ;  and  because  the  Dee  flows  over  rock 
in  siiH  at  a  higher  level  than  the  bottom  of  the  lake,  he  concludes 
that  the  lake  must  lie  in  a  rock  basin.  In  the  light  of  Mr.  Marr's 
recent  researches  on   the    tarns  and    lakes  of   Oumberland   and 

»  Quart.  Jonrn.  Geol.  Soc,  vol.  ixiii  (1876},  p.  219. 

'  Our  positions  were  determined  by  compass  oearings  from  the  shore,  and  hare  no 
pretensions  to  precise  accuracy.  The  section  A-B  and  the  south-eastern  half  of  the 
section  £-F  are  probably  correct ;  but  in  the  north-western  half  of  the  section  £-F 
the  angles  of  intersection  were  somewhat  acute,  and  the  positions  of  the  soundings 
are  therefore  not  so  accurately  fixed. 

»  "  On  the  Physical  History  of  the  Dee,  Wales  "  :  Quart.  Joum.  Geol.  Soc., 
Tol.  xxxii  (1876),  pp.  219-229.  See  also  Mem.  GeoL  Snnr.,  rol.  iii  (1881),  2nd  ed., 
pp.  314-323. 
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Westmorelaiid,^  it  is  impossible  now  to  maintain  this  view  without 
a  closer  examination  of  other  possible  outlets. 

Now,  although  Bala  Lake  empties  itself  through  the  Dee,  whioh 
flows  in  an  easterly  direction  from  its  north-eastern  end,  this  is  not 
what  the  general  topography  of  the  district  would  lead  us  to  expect. 
The  lake  does  not  lie  in  the  continuation  of  the  Yale  of  Edeymion 
(as  the  valley  of  the  Dee  between  Llandderfel  and  Oorwen  is  called) ; 
but  it  lies  in  a  very  distinct  and  well-defined  valley  which  runs 
from  the  sea  at  Barmoath  in  a  north-easterly  direction  to  the  town 
of  Bala;  and  this  valley  is  entirely  shut  off  from  the  Yale  of 
Edeymion  by  a  ridge  of  hills,  except  for  the  narrow  gorge  through 
which  the  Dee  now  flows.  This  great  valley  is  in  the  line  of  the 
Bala  fault,  and  from  Dolgelly  to  Bala  its  direction  is  S.W.-N.E., 
which  is  precisely  that  of  the  lake ;  while  the  general  direction  of 
the  Dee  for  several  miles  after  leaving  the  lake  is  nearly  west  to  east. 

It  is  true  that  the  actual  watershed  crosses  the  valley  at  Pant- 
gwyn,  and  that  on  the  one  side  the  waters  flow  into  Bala  Lake  and 
fiience  to  the  Dee,  while  on  the  other  side  they  flow  into  Afon  Wnion 
and  finally  into  the  estuary  of  the  Mawddach.  But  the  watershed 
forms  no  feature  in  the  valley,  and  the  slope  which  determines  the 
direction  of  flow  is  so  slight  that  it  requires  a  very  careful  examina- 
tion of  the  streams  to  discover  the  position  of  the  water-parting. 
The  floor  of  the  valley  in  no  place  rises  to  a  greater  height  than 
774  feet  above  the  sea,  i.e.  about  374  feet  above  the  bottom  of  the 
lake.  The  depth  of  the  valley  near  this  point  is  entirely  out  of 
proportion  to  the  size  of  the  little  rivulets  which  now  flow  in  it. 

Continuing  the  line  of  the  valley  in  whioh  Bala  Lake  lies,  it 
leads  us  in  a  north-easterly  direction,  not  along  the  course  of  the 
Dee,  but  into  the  valley  which  is  now  occupied  by  Nant  Meloch 
and  its  tributary  from  Gors-y-Samau.  This  is  a  stream  which  flows 
from  north-east  to  south-west,  and  which  would  enter  the  lake  near 
Bala,  were  it  not  that  before  it  reaches  that  point  it  is  suddenly 
deflected  almost  at  right  angles,  so  as  to  join  the  Dee  at  Melin 
Meloch. 

If  the  gorge  near  Llandderfel  were  blocked,  this  stream  would 
flow  into  Bala  Lake,  and  Bala  Lake  would  empty  itself  into  the 
Wnion  ;  and  we  should  have  a  continuous  flow  of  water  down  what 
is  now  undoubtedly  a  continuous  valley  running  from  north-east  to 
south-west. 

From  these  topographical  considerations  alone,  it  appears  probable 
that  the  drainage  of  the  district  originally  flowed  in  this  direction, 
and  that  the  present  outlet  of  the  lake  is  of  subsequent  formation. 
In  favour  of  this  view  it  may  be  noted  that  at  the  foot  of  the  lake 
there  is  an  alluvial  plain,  which  is  even  more  extensive  than  that 
which  is  now  being  formed  at  its  head ;  and  also  that  the  floor  of  the 
lake  appears  to  slope  from  north-east  to  south-west. 

^  See, especially,  ''The  Tarns  of  Lakeland" :  Quart.  Joum.  Geol.  Soc.,  toI.  li 
(1896),  pp.  35-48.  "  Additional  Notes  on  the  Tarns  of  Lakeland'* :  ibid.,  vol.  lii 
(1896),  pp.  12-16.  "On  the  Lake  Basins  of  Lakeland":  Proc.  Geol.  Assoc., 
vol.  xiv  (1896),  pp.  273-286. 
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Is  Bala  jLake  a  rocl-bastn  ? 

There  are  only  three  directions  in  whioh  we  can  lea^e  Bala 
Lake  and  travel  towards  the  sea  without  crossing  the  oontoor-liife 
of  1,000  feet. 

The  first  of  these  is  north-east,  np  the  valley  of  Nant  Melodl,  and 
along  the  road  to  Corwen,  where  the  greatest  height  to  whioh  we  are 
oompelled  to  rise  is  891  feet,  ahont  1^  mile  from  Bethel  Inn. 

The  second  is  east,  along  the  course  of  the  Dee;  and  this  ia 
necessarily  a  continuous  descent. 

The  third  is  south-west,  along  the  valley  of  the  Bala  fault,  where 
we  can  reach  the  sea  without  ever  rising  higher  than  774  feet 

Elsewhere  the  lake  is  completely  shut  in  by  the  1,000  foot  contour- 
line,  and  there  is  no  reason  to  suspect  the  existence  of  any  former 
outlet 

I  have  not  examined  very  closely  the  valley  of  Nant  Meloch ; 
but  I  believe  that  in  this  direction  the  rocky  floor  rises  considerably 
above  the  level  of  the  bottom  of  the  lake.  Even  now,  where  the 
bottom  of  the  valley  is  600  or  700  feet  above  the  sea,  the  valley  is 
narrow  and  steep-sided,  and  it  seems  improbable  that  the  solid 
floor  lies  two  or  three  hundred  feet  below  the  present  leveL  The 
valley,  however,  deserves  a  more  careful  examination  than  I  have 
been  able  to  give  it 

If  we  follow  the  present  course  of  the  Dee  from  Bala  Lake,  we 
pass  first  over  a  wide  alluvial  plain  until  we  near  the  ridge  which 
crosses  the  line  of  the  river  at  Bodweni,  about  2^  miles  east  of  Bala. 
Here  the  Dee  enters  a  narrow  and  rather  steep-sided  gorge,  and 
is  closely  hemmed  in  by  hills  of  solid  rock ;  and  a  little  farther  on, 
the  bed  itself  is  formed  of  rock  at  a  height  of  about  495  feet  above 
the  sea,  or  95  feet  above  the  bottom  of  the  lake.  So  narrow  is  the 
valley  at  this  point,  and  so  close  lie  the  exposures  of  solid  rock, 
that  there  seems  to  be  no  room  for  any  drift-filled  gorge ;  and  there 
can  be  but  little  doubt  that  in  this  direction  at  least,  as  Ramsay 
pointed  out,  the  lake  is  rock-bound. 

South-westerly,  however,  along  the  line  of  the  Bala  fault,  it  is 
impossible  to  prove  that  the  solid  floor  of  the  valley  is  at  any  point 
higher  than  the  bottom  of  the  lake.  Following  upwards  the  course 
of  the  Dyfrdwy,  we  find  that  at  Tal-y-bont  the  stream  flows  over 
rock  in  sitH  at  a  height  of  more  than  600  feet.  But  the  valley  here 
is  very  wide,  and  for  many  hundred  yards  south-east  of  the  stream 
there  is  nothing  to  be  seen  but  drift  It  is  quite  possible,  therefore, 
that  another  channel  may  exist  which  is  now  ooncecded. 

No  more  rock  is  exposed  in  situ  in  the  bottom  of  the  valley  until 
we  have  passed  the  watershed  and  proceeded  down  the  other  slope 
to  Drws-y-nant-isaf.  A  few  hundred  yards  below  the  railway 
station  the  river  runs  in  a  little  rocky  gorge,  the  floor  of  which  is 
also  made  of  rock ;  and  the  height  of  this  floor  is  about  460  feet 
above  the  sea,  that  is  to  say,  about  60  feet  above  the  bottom  of  the 
lake.  But  at  this  point,  exactly,  in  fact  where  it  enters  the  gorge, 
the  river  has  left  the  line  of  the  Bala  fault  and  has  been  deflected 
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to  tbe  right ;  while  in  the  direct  line  there  is  a  slight  depression, 
whioh  is  certainly  filled  with  drift,  however  deep  or  shallow  that 
drift  may  be. 

Here,  again,  it  is  impossible  to  assert  that  the  solid  floor  of  the 
Talley  is  higher  than  the  bottom  of  the  lake.  And  as  no  more 
rock  is  seen  in  siiii  until  we  pass  below  the  level  of  the  lowest  point 
of  the  lake,  we  are  compelled  to  admit  that  in  this  direction  there 
is  no  certain  evidence  that  the  lake  is  rock-bound. 

So  far,  then,  as  this  evidence  goes,  Bala  Lake  may  have  been 
formed  in  the  same  way  as  the  lakes  of  Cumberland  and  West* 
rooreland.  The  sections  show  that,  like  them,  it  is  a  submerged 
river  valley.  Its  general  direction  and  the  slope  of  its  bed  indicate 
that  the  valley  of  which  it  is  a  portion  is  the  valley  of  the  Bala 
fault.  Originally,  no  doubt,  the  waters  drained  south-westward  into 
the  sea  at  Barmouth  (or,  perhaps,  at  Towyn).  But  the  channel 
was  subsequently  blocked,  and  the  drainage  of  the  upper  portion 
was  forced  to  seek  a  fresh  outlet. 

I  shall,  however,  give  reasons  for  supposing  that,  although  the 
old  channel  may  have  been  choked  by  drift,  the  reversal  of  the 
drainage  was  due,  at  least  in  part,  to  earth-movements;  and  that 
it  was  these  earth-movements  which  determined  the  position  of  the 
watershed. 

Belation  of  the  Fatdts  to  the  Valley  and  to  the  Watershed. 

That  the  valley  to  which,  as  we  have  seen,  Bala  Lake  belongs, 
is  in  the  line  of  a  great  fault,  has  long  been  known ;  and  the  fault 
is  represented  on  the  Survey  maps  as  passing  down  the  middle 
of  the  lake.  It  lies,  I  believe,  more  nearly  along  the  south-eastern 
shore,  and  the  opposite  shore  coincides  with  the  line  of  a  second  fault, 
which,  like  the  former,  has  its  downthrow  towards  the  lake.  Thus 
the  lake  lies  in  the  continuation  of  a  trough,  and  its  two  sides 
coincide  or  nearly  coincide  with  the  two  faults  enclosing  the  trough. 

South  of  Pant-gwyn  the  valley  is  very  narrow.  Its  north-western 
side  is  formed  of  volcanic  rocks,  which  are  usually  supposed  to  be  of 
Arenig  age,  while  the  south-eastern  side  is  formed  of  Middle  Lingula 
beds  containing  Lingulella  Davisi.  But  the  floor  of  the  valley  i 
ooncealed  by  drift  and  alluvium,  and  there  is  nothing  to  indicate 
the  exact  position  of  the  fault  which  undoubtedly  exists,  nor  is 
there  any  evidence  to  show  whether  this  fault  is  simple  or  compound. 

At  Pant-gwyn,  however,  the  valley  opens  out;  the  faults  are 
much  more  clearly  seen,  and  here  they  form  a  complex  system 
which  we  shall  now  proceed  to  examine.     (Fig.  3.) 

It  is,  perhaps,  unnecessary  to  give  in  detail  the  evidence  on  which 
these  fiftults  are  drawn.  It  will  almost  be  sufficient  to  say  that, 
in  general,  wherever  the  volcanic  series  exists,  it  is  conspicuously 
visible,  and  it  is  an  easy  matter  to  trace  its  boundary. 

The  slates  below  the  volcanic  series  are  also  well  enough  exposed, 
but  it  is  diflerent  with  the  post- volcanic  slates  in  the  valley ;  and 
as  many  of  the  exposures  of  these  beds  are  difficult  to  find,  it  may 
be  well  to  enumerate  them. 
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Fio.  3.— Geological  Map  of  the  Valley  of  the  Bala  Fault. 
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On  the  south-east  side  of  the  yallej,  these  slates  are  visible  close 
to  the  Bala  &ult  at  Cilgellan,  and  again  between  Cefn-gwyn  and 
Gwm-onen.  They,  as  well  as  all  the  other  rooks,  are  well  exposed 
in  and  near  Afon  Dwrnudo.^  They  ooour  also  in  the  banks  of 
a  small  stream  about  300  yards  below  Bryn  Amlwg ;  and  again, 
olose  to  the  Bryn  Amlwg  patch  of  volcanics,  in  the  streamlets  near 
the  transverse  fanlt. 

On  the  other  side  of  the  valley,  the  slates  are  found  in  the  farm- 
yard of  Pant-gwyn.  They  are  well  exposed  in  the  triangular  patch 
four  or  five  hundred  yards  north-west  of  that  farm;  and  in  the 
Dyfrdwy  they  are  seen  to  overlie  the  volcanic  series,  dipping 
5^  S.  of  E.  (true)  at  an  angle  of  38^.  They  occur  also  in  the  quarry 
near  Ty-mawr  and  in  the  bed  of  the  river  close  to  Tal-y-bont 

In  the  neighbourhood  of  Llwyn-gwern  these  slates  are  visible  in 
several  places,  and  the  volcanic  series  dips  beneath  them.  South- 
east of  Llanuwchllyn  also,  in  the  valley  of  Afon  Twrch,  the  slates 
and  ashes  are  clearly  shown,  and  the  ashes  dip  beneath  the  slates ; 
but  the  boundary  is  here  more  complex  than  is  represented  upon 
the  map,  being  faulted  by  a  series  of  little  faults  of  which  only  one 
or  two  are  indicated. 

The  north-to-south  fault  which  lies  east  of  Drws-y-nant-uchaf 
is  plainly  visible  in  the  stream  300  yards  above  the  farm,  where  it 
brings  black  slates  (presumably  Upper  Lingula)  on  its  eastern  side 
into  contact  with  Middle  Lingula  Flags  (containing  Lingulella  Daviei) 
on  its  western  side.  The  eastern  is  therefore  the  downthrow  side, 
and  as  the  hade  is  towards  the  west  the  fault  is  reversed.  The 
crushing  due  to  this  fault  is  also  seen  in  the  little  rivulet  some 
200  yards  north-east  of  the  farm. 

The  fault  which  is  drawn  between  Moel  Oaws  and  Oreigiau 
Llwyn-gwem  nowhere,  so  far  as  is  visible,  brings  beds  of  di£ferent 
character  into  contact  with  each  other,  and  is  inserted  upon  less 
evidence  than  the  rest  But  I  venture  to  think  that  few  who 
examine  the  remarkable  little  valley  in  which  it  lies  will  be  disposed 
to  deny  the  existence  of  this  fault. 

The  evidence  for  the  other  faults  is  manifest  upon  the  map,  and 
need  not  here  be  recapitulated.  In  most  cases  the  position  and 
direction  can  be  fixed  with  considerable  accuracy,  but  seldom  so 
precisely  as  to  determine  which  of  two  intersecting  faults  displaces 
the  other.  It  may  be  noted  that  the  fault  which  crosses  the  D  wrnudo 
600  yards  above  Llechwedd-fwyalchen  is  probably  continued  for 
a  considerable  distance  in  both  directions. 

One  or  two  patches  of  intrusive  rock  exist  besides  that  which  is 
shown  upon  the  map.  Qranophyre  occurs  on  both  sides  of  the 
Bala  fault  at  several  points  north-east  of  Drws-y-nant-uchaf,  but  is 
too  imperfectly  exposed  to  be  satisfactorily  mapped.  There  are  also 
some  masses  of  intrusive  rock  on  the  left  bank  of  the  Dyfrdwy, 
near  Bhyd-y-drain  ;  but  these  have  not  yet  been  examined  in  detail. 

*  Afon  D wrnudo  is  the  stream  which  flows  past  Llechwedd-fwyalchen. 
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Fig.  4. — Diagram  of  the  Bala  Faults. 


In  the  accompanying  diagram  of  the  faults  (Fig.  4),  the  downthrow 
side  of  each  (when  it  is  known)  is  shaded,  and  the  bottom  of  the 
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'  Talley  is  indicated  by  a  heavy  line.  Some  of  the  faults  are  oontinued^ 
in  their  probable  directions,  into  the  area  which  is  now  concealed 

'  by  drift  and  alluvinm  ;  and  an  additional  fault  (N)  is  inserted  which 
is  not  shown  upon  the  geological  map.  The  existence  of  this  is 
somewhat  doubtful,  but  the  foot  of  the  hills  is  here  so  extraordinflorily 
straight  that  I  cannot  help  suspecting  that  it  coincides  with  a  line 
of  fault 

A  comparison  of  this  diagram  with  the  topographical  map  (Fig.  5) 
will  show  that  the  actual  contour  of  the  ground  agrees  very  closely 
with  the  contour  which  would  be  produced  by  the  faults,  it  it  were 
determined  by  them  alone.  It  is  true  that  a  few  of  the  faults,  such 
as  that  near  Drws-y-nant-uchaf,  have  no  effect  upon  the  sur£GU)e. 


"■■r;i 


Fio,  5. — Sketch-map  of  the  topography  of  the  yalley  of  the  Bala  Fault 
near  the  watershed. 

Bat  generally  each  fault  is  marked  by  a  more  or  less  sudden  change 
of  slope,  and  the  ground  on  the  downthrow  side  of  the  fault  lies 
lower  than  that  on  the  upthrow  side.  This  is  sometimes  well  shown 
even  where  the  rock  is  similar  in  character  on  both  sides  of  the 
fault.  Atteniion  may  be  drawn,  for  example,  to  the  fault  west  of 
Pant-gwyn. 
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It  will  be  observed  that  several  of  the  most  important  faults  ran 
parallel  to  the  general  direction  of  the  valley,  some  on  one  side  and 
some  on  the  other,  and  that  in  most  cases  ihe  downthrow  of  these 
faults  is  towards  the  valley ;  the  only  exceptions  are  the  faults 
D  and  E,  which  indeed  are  not  parallel  to  the  valley,  but  are  nearly 
so,  and  are  placed  symmetrically  with  regard  to  it.  In  these  two 
cases  the  downthrow  is  aviray  from  the  valley. 

There  is  also  a  series  of  transverse  or  oblique  fiaults,  and  these 
throw  down  either  towards  Bala  Lake  or  towards  the  bottom  of 
the  valley. 

Except  for  a  wide  curve,  convex  towards  the  north-west,  the 
whole  of  the  valley  north  of  Pant-gwyn  is  enclosed  between  the 
outermost  of  the  longitudinal  faults — the  Bala  fault  (A)  on  the  one 
hand  and  the  fault  B  on  the  other;  and  both  of  these  throw  down 
towards  the  centre  of  the  valley.  Moreover,  the  fault  B,  if  pro- 
duced, coincides  precisely  (as  is  very  clearly  seen  in  the  field  ^m 
a  position  near  its  southern  end)  with  the  north-west  shore  of  Bala 
Lake.  The  Bala  fault  is  dislocated  at  several  points,  but  if  the 
northernmost  portion  be  continued  in  a  straight  line  it  will  be  found 
to  lie  nearly  parallel  to  the  south-east  shore  of  the  lake,  but  some 
distance  witiiin  the  water's  edge. 

Without  any  aid  from  denudation  these  faults  would,  of  themselves 
alone,  form  a  valley  very  similar  to  that  which  now  exists ;  and  if 
we  take  into  account  the  oblique  faults  F,  M/  and  L  and  the  doubtful 
fault  N,  even  the  convex  bend  of  the  valley  out  of  its  regular  course 
may  be  explained  as  directly  due  to  the  faulting. 

The  general  shape  of  the  valley  is,  in  fact,  not  unlike  that  which 
the  faults  themselves  might  be  expected  to  produce.  But  it  must 
be  allowed  that  the  form  produced  by  the  faults  has  been  consider- 
ably modified  by  subsequent  denudation ;  and  it  is  difficult,  if  not 
impossible,  to  determine  how  far  the  present  configuration  is  to  be 
attributed  to  the  direct  effect  of  the  faults  and  how  far  to  their 
influence  in  guiding  denudation.  The  relation  of  the  faults  to  the 
configuration  of  the  ground  is,  however,  so  close  that  they  must^ 
either  directly  or  indirectly,  be  the  cause  of  that  configuration. 

Even  if  we  assume  that  the  valley  has  been  actually  formed  by 
the  faults  themselves,  it  is  by  no  means  necessary  to  suppose  that 
it  is  so  old  as,  for  example,  the  Bala  fault.  A  comparatively  small 
movement  along  this  fault,  perhaps  long  after  its  original  formation, 
would  be  sufficient  to  account  for  all  the  phenomena  so  far  as  it  is 
concerned. 

The  transverse  fault  at  Pant-gwyn  is  particularly  interesting. 
Its  downthrow  is  towards  the  north-east,  that  is,  towards  Bala  Lake; 
and  it  appears  to  form  the  southern  end  of  the  trough  produced 
by  the  longitudinal  faults.  On  the  north-west  bank  of  the  valley  the 
ground  is  much  higher  on  the  upthrow  side  of  the  fault  than  on 
the  downthrow  side.  But  this  is  not  the  case  on  the  south-east  bank. 
Yet  here,  near  the  bottom  of  the  valley,  drift  on  the  downthrow 

'  It  should  be  noted  that  there  is  no  evidence  to  show  which  is  the  downthrow 
side  of  either  M  or  N. 
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side  is  in  oontaot  with  solid  rook  on  the  npthrow  side,  and  it  is 
possible  that  the  fault  produces  its  full  effect  upon  Uie  solid  floor. 
However  this  may  be,  the  fault  coincides  very  closely  with  the 
watershed  in  the  valley.  No  water  crosses  it  except  a  single 
streamlet,  and  this  rises  only  a  yard  or  two  away. 

Whatever  the  reason  may  be,  therefore,  we  may  safely  say  that 
the  valley  north  of  Pant-gwyn  lies  in  the  trough  between  two 
faults,  and  that  this  trough  is  closed  at  its  southern  end  by 
a  transverse  fault,  which  coincides  with  the  watershed  crossing 
the  valley ;  and  further,  that  many  of  the  other  faults  apparently 
produce  on  the  surface  of  the  ground  an  effect  which  is  similar 
in  kind,  if  not  in  degree,  to  that  which  they  produce  on  the  strata 
themselves. 

That  these  coincidences  are  accidental  is,  to  say  the  least, 
improbable;  and  a  simple  explanation  appears  to  be  that  the 
valley  was  blocked  out,  so  to  speak,  by  the  faults  themselves,  and 
that  the  form  so  produced  has  been  somewhat  modified  by  subsequent 
denudation. 

In  advancing  this  view  I  am  aware  that  it  attributes  to  the  faults 
a  more  direct  influence  upon  the  topography  than  many  geologists 
will  be  disposed  to  allow.  But  although  most  valleys  may  have 
been  carved  out  by  rivers,  it  is  impossible  to  deny  that  some  have 
been  formed  by  faults. 

It  may  be  urged  that  since  the  formation  of  the  faults  there  must 
have  been  a  vast  amount  of  denudation  which  would  obliterate  their 
effect  upon  the  surface.  But  where  erosion  exceeds  deposition,  the 
tendency  of  subaerial  denudation  is  to  accentuate  rattier  than  to 
obliterate  inequalities.  Moreover,  the  evidence  of  the  age  of  the 
faults  is  extremely  slight,  and  there  is  nothing  to  show  that  no 
movement  has  taken  place  along  them  in  comparatively  recent 
times.'  I  shall  show  subsequently  that,  however  the  valley  may 
have  been  formed,  it  was  probably  not  in  existence  when  the 
drainage  system  of  the  district  was  first  established. 
{To  be  oonduded  m  our  Mxt  Number,) 

III. — Plamt-stbms  in  the  Quttannsm  Qmbiss. 
By  Professor  T.  G.  Bonkbt,  D.Sc.,  LL.D.,  F.R.8. 

AN  important  paper'  on  the  reputed  occurrence  of  fossil  plant- 
stems  in  gneiss  of  Carboniferous  age  at  Quttannen,  Switzerland, 
by  Messrs.  E.  v.  Fellenberg  &  C.  Schmidt,  for  a  copy  of  which 
I  am  indebted  to  the  courtesy  of  the  authors,  doses,  if  their  view 
be  adopted,  a  comedy  of  errors.  On  this  account  a  brief  outline 
of  the  story  may  be  of  service ;  for  it  reduces  this  supposed  relic 
of  PalsBOzoic  forests  to  a  lu$u8  nattirts,  and,  in  any  case,  once  more 
illustrates  the  truth  of  the  saying,  **  we  are  all  fallible  mortals." 

'  It  may  be  noted  that  Mr.  G.  Davison's  researches  on  earthqnakes  in  Great 
Britain  seem  to  indicate  that  eren  at  the  present  time  slips  occasionally  take  place 
alonff  faults  which  are,  in  their  origin,  of  very  ancient  date. 

'  £.  y.  Fellenberg  &  G.  Schmidt,  ''Neuere  Unterrachnngen  iiber  den  soeen. 
Stanmi  im  Gneisse  yon  Gnttannen  *' :  Separat-Abdmck  aus  den  Mitt,  der  Natortors. 
Geeell.  in  Bern,  Jahrgang  1898. 
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:  Thft  gneisB-plant's  first' in troduotion  to  English  literatui?0  was^ 
I  think,  in  1890,  when  Professor '  Heim,  in  a  controversial  note 
Appended  to  my  paper  on  <' Crystalline  Schists  and  their  relation 
to  Mesp^oio  Bocks  in  the  Lepontine  Alps,"  ^  cited  it  as  a  proof  that 
gneiss  of  Palceozoio  age  existed  in  the  Central  Alps;  but  it  was 
described  and  figured  by  Baltzer'  two  years  earlier  in  the  official 
publication  of  the  Swiss  Geological  Survey.  I  had,  however, 
examioed  the  specimen  when  visiting  the  Museum  at  Berne  in 
August^  1889,  and  can  best  describe  its  aspect  and  the  impression 
it  produced  on  me  by  an  extract  from  ray  diary.  *'The  rock 
is  a  pnrplish-grey  colour,  rather  fine-grained  as  a  rule,  containing 
numerous  small  plates  of  brown  mica,  many  white  spots  rather 
angular  in  outline,  apparently  felspar,  and  quartz,  in  the  matrix. 
.One:or  two  quartz  veins  traverse  the  block.  The  rock  at  first  sight 
is .  wonderfully  like  a  gneiss.  It  has  evidently  been  compressed, 
resulting  in  a  sort  of  foliation  or  rude  cleavage,  with  a  iHrown 
alickensided  look  on  the  surfaces  of  the  supposed  oiganisms  (cf.  the 
Obermittweida  conglomerate,  Reusch's  Scandinavian  fossils  in 
Silurian  'ischists,*  etc.).  The  rock  does  not  exactly  resemble  any 
gneiss  I  have  seen  in  the  Alps.  Though  I  cannot  be  quite  sure  that 
I  detected  extraneous  fragments,  I  thought  I  did.  The  matrix  varies 
somewhat,  from  coarse  to  fine,  as  one  traces  it  through  the  mass,  and 
its  ultimate  groundmass  or  'paste'  has  a  slightly  muddy  look, 
In  short,  the  rock  reminded  me  very  much  of  some  of  the  best 
'  imitative  crystallines '  of  Yemayaz,  and  I  suspect  that  it  is  really 
an  infolding  of  Paladozoic  or  Mesozoic  'arkose.'  The  tree  stems 
are  two  in  number,  with  obscure  traces  of  what  may  be  a  third ; 
the  largest  about  5  feet  long  by  8  inches  wide ;  it  rises  in  a  low, 
curve,  with  a  sagitta  of  about  3  inches.  There  are  some  indications 
of  cross  markings  like  the  stems  of  oalamites ;  no  ribbings  or  leaf- 
scars  that  I  noticed.  In  short,  they  are  obscure  markings,  but 
I  think  it  more  likely  that  they  indicate  vegetable  remains  than, 
that  the  rock  .is  a  member  of  the  crystalline  series."  The  opinion 
thus  formed  was  expressed  in  a  note  on  Professor  Heim's  comments 
appended  to  the  above-named  paper.' 

I  determined,  however,  to  make  a  fuller  investigation  of  the 
question,  and  in  1891  found  an  opportunity  of  visiting  Quttannen, 
in  company  with  my  friend  Mr.  J.  Eccles,  F.Q.S.  On  my  way 
from  England  I  halted  at  Berne  to  make  another  examination  of 
the  specimen  in  the  Museum.  The  note,  written  on  the  spot,  is 
praodcally  an  epitome  of  that  already  quoted,  with  the  addition 
jthat  "  pne  stem  appetirs  to  have  a  kind  of  '  bark,*  not  graphite,  but 
dark  carbonaceous  matter,  as  if  coaly  material  were  mixed  with 
^ud.  The  outer  surface  has  a  sort  of  brown  glaze  (irony)  over  it, 
and  so  has  the  inner  one."  At  Quttannen  we  examined  the  outcrops 
of  the  supposed  Carboniferous  gneiss  on  the  eastern  side  of  the 
valley,  with  some  of  those  on  the  western,  together  with  many 

*  Quart  Joum.  Geol.  Soc.,  vol.  xlvi,  p.  287. 

'-  B«ttrage  zur  geol.  Karte  der  Schweiz,  Lief.  xiiT  (1888),  pt.  4,  p.  161. 

'  Qnait.  Jonrn.  Geol.  Soc.,  toI.  xlvi,  p.  238. 
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erratic  blocks^  including  that  from  which  th^  Benie  speciiten  was 
«aid  to  have  been  taken. 

This  field  work '  and  subseqnent  microscopic  stady  of  specimens 
strengthened  my  conviction  that  the  rock  was  an  '  arkoae '  of 
materials  from  crystalline  rocks,  and  thus  only  an  imitation  of  a 
gneiss..^  I  may  add  that  the  other  possibility — that  these  objects 
were  not  really  plants,  but  imitative  markings,  produced  by  earth 
movements  in  a  truly  crystalline  rock— had  been  present  to  my 
mind  throughout.  It  would  have  saved  me  from  wasting  my  time 
by  a  journey  to  Quttannen,  so  that,  if  I  could,  I  would  gladly 
have  adopted  it  But  the  markings  were  accepted  as  platits  by 
the  experts  of  the  Swiss  Survey,'  and,  so  far  as  I  could  form  an 
opinion,  on  good  grounds,  while  the  clastic  stinicture  of  the  rock 
on  the  whole  appeared  to  he  original  rather  than  superinduced. 
Moreover,  the  grounds  on  which  Herr  Schmidt  claimed  the  rock 
for  a  true  gneiss  appeared  to  me,  as  I  pointed  out  in  my  paper,* 
defective  in  more  than  one  respect 

Still,  though  this  visit  to  Quttannen  strengthened  my  conviction, 
microscopic  study  of  the  specimens  did  not,  as  I  had  hoped,  place 
the  matter  beyond  all  question.  So  in  the  Summer  of  1895  I  again 
visited  Quttannen,  this  time  in  company  with  my  friend  the 
Bev.  Edwin  Hill,  F.Q.S.,  and  now  more  especially  examined  the 
western  flank  of  the  valley.  Everywhere  the  so-called  Oarboniferous 
gneiss  had  a  grit-like  aspect,  including  a  not  unfi*equent  change 
in  coarseness  perpendicular  to  the  occasional  banded  structure.  In 
one  place  we  found  a  thin  band  of  rock  resembling  a  dark  phyllite, 
but  no  conglomerate.  We  traced  the  '  Carboniferous  gneiss ' 
northwards  nearly  up  to  its  junction  with  the  ordinary  gneiss  of 
the  ;  district,  the  difference  between  them  being  very  marked. 
Though  the  field  work  strengthened  me  in  the  view  which  I  had 
already  expressed,  complete  demonstration  was  again  wanting 
and  was  not  supplied  by  a  microscopic  study  of  the  specimens 
collected.  Among  other  things,  the  supposed  phyllite  band  exhibited 
sooh  indications  of  crushing  as  to  make  it  an  untrustworthy  witnese. 
J  determined,  however,  to  make  a  third  attempt  to  obtain 
decisive  evidence.  According  to  the  Swiss  geological  map  this 
zone  of  *  Carboniferous  gneiss '  crosses  the  Urbach  Thai,  just  about 
the  foot  of  the  Qauli  Qlacier.  So  in  the  Summer  of  1897  I  planned 
a  visit  to  this  locality  in  company  with  Mr.  J.  Parkinson,  F.Q.S. 
The  walk  to  the  foot  of  the  glacier,  from  Im  Hof^  the  nearest 
halting-place,  and  back,  takes  about  eight  hours,  so  our  time  for 
studying  the  gneiss  was  rather  limited.  The  result  of  this^ 
and    of   subsequent   microscopic   examination    of   specimens   was 

'  '  About  a  month  later  I  visited  Yernavaz  to  look  once  more  at  the  well-known 
Carbooiferoofl  infold,  parts  of  which  somenmes  cnrioosly  resemble  crystalline  rocks ; 
this  time  examining  it  as  far  as  the  TSte  Noire. 

'  This  conclusion  and  the  reasons  are  fully  stated  in  a  paper  (Quart.  Joum.  Geol. 
Soc.,  Yol.  xlviii,  p.  390). 

*  Beitrage,  ut  supra,  pp.  164-8. 

*  Ut  supra,  p.  395. 

^  On  another  day  we  spent  a  little  time  at  Oi^tannen. 
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disappointiDg.  A  iroly  olastio  origin  was  constanily  suggested,  bat 
was  not  placed  beyond  dispute.  Shortly  afterwards  we  visited  the 
Museom  at  Berne,  and  again  examined  the  famous  stems.  Pieces 
had  been  cut  from  the  ends,  probably  for  the  investigation  undertaken 
by  Messrs.  Von  Fellenberg  and  Schmidt  One  p^sed  through  the 
longer  stem,  affording  a  orescentic  section,  and  disclosed  a  third, 
circular  in  outline  and  much  smaller.  I  wrote  thus  in  my  diary : 
'<  Both  <  stems '  seem  occupied  by  a  material  slightly  darker, 
greener,  and  compactor  than  the  rest  of  the  block.  In  places 
there  is  about  01"  or  0-16"  of  a  phyllite-like  substance,  where 
'bark'  should  be  on  the  stem.  The  outer  curve  of  the  stem 
appears  not  to  enter  the  stone  like  a  fracture  would  do,  but  more 
as  a  fossiL  The  bark-like  appearance  is  very  conspicuous  in  the 
upper,  smaller,  and  'indented'  stem  on  the  face  of  the  block. 
This,  neither  in  shape,  nor  in  aught  else,  looks  like  a  '  roll ' 
in  the  rock.  There  are  two  or  three  surfaces  of  mechanical 
division,  but  they  do  not  appear  to  be  the  same,  and  the  glaze  on 
them,  which  can  also  be  traced  in  parts  of  the  stem,  seems  a  mere 
film."  After  noting  one  or  two  other  matters,  I  conclude  thus : 
"  If  plants,  they  are  very  rough  and  ill  preserved  ;  but  if  the  result 
of  mechanical  movements,  they  are  of  a  most  extraordinary  and 
exceptional  nature,  and  the  rock  certainly  has  the  look  of  an 
'  arkose '  rather  than  of  a  true  gneiss." 

In  the  memoir  before  us  Messrs.  Yon  Fellenberg  is  Schmidt 
give  the  results  of  the  investigation  which  was  no  doubt  in  process 
at  the  last-named  date.  It  is  illustrated  by  seven  plates  containing 
nine  figures,  giving  excellent  representations  of  the  supposed 
remains,  both  as  formerly  visible  and  as  disclosed  by  the  new 
sections.  The  latter  are  cut  from  both  the  upper  and  lower  ends 
of  the  longest  stem,  which,  as  we  can  observe  in  the  photograph, 
has  an  extraordinary  resemblance  to  a  plant  From  a  cross  cut 
the  outline  is  seen  in  one  case  to  be  an  oval,  rudely  flattened  on 
one  side,  in  a  second  very  rudely  crescent-shaped,  and  in  a  third 
nearly  circular.  The  core  of  the  enclosure,  a  very  tough  and 
compact  material,  blackish  green  in  colour,  proves  to  be  an 
amphibolite ;  for  it  is  composed  almost  entirely  of  short  columnar 
grains  of  hornblende,  between  which  lie  allotrioroorphic  water-dear 
felspars,  solitary  scales  of  muscovite,  zoisite  in  thread-like  clusters, 
and  numerous  grains  of  magnetite  with  jagged  edges.  The  compact 
exterior  (the  supposed  bark)  is  described  as  practically  composed 
of  biotite.  Herr  Schmidt  has  also  examined  the  surrounding  rock, 
and  maintains  the  accuracy  of  his  description  already  published.' 
In  regard  to  the  mineral  constituents  it  agrees  with  what  I  have 
seen  in  specimens  believed  to  come  from  another  part  of  the  block, 
especially  with  reference  to  the  rather  remarkable  changes  in  texture, 
though  in  my  specimen  the  felspar  is  rather  more  converted  to 
sericite,  and  the  '  mortelstructur '  is  less  noteworthy  or  characteristic 
than  in  the  slices  which  he  describes.    The  block  is  traversed  by 

'  Loc.  cit,  p.  164. 
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quartz  Teins  and  exhibits  (as  illustrated  by  a  photograph)  irregular 
folds,  the  crests  of  which  are  roughly  parallel  with  the  supposed 
stem,  besides  other  mechanical  disturbance.  The  result  of  the 
investigation,  into  the  more  minute  details  of  which  it  is  needless 
to  enter,  is  summed  up  in  the  following  words:  *'Der  vermelntliche 
Stamra  erscheint  als  ein  Amphibolit-Einschluss,  der  beim  Faltungs- 
process  gewalzt  worden  ist " :  in  other  words  it  is  not  a  fossil  plant, 
but  a  lusus  natura. 

The  authors,  however,  leave  without  notice  some  interesting 
questions.  We  should  welcome  some  explanation  of  these  isolated 
and  singularly  shaped  portions  of  homblendic  rock  in  a  mass  which 
elsewhere  is  generally  without  that  mineral.  Are  we  to  regard 
them  as  branches  of  an  intrusive  vein  of  dioritic  rock,  rolled  round 
and  perhaps  broken  up  by  mechanical  movements;  or  were  they 
originally  concretions,  somewhat  similarly  afifected,  and  if  so,  how 
are  they  to  be  explained  ?  These  questions  the  authora  dismiss  with 
the  brief  remark  that  such  hornblendic  inclusions  are  common  in 
the  Guttannen  gneiss.  That  may  be  so,  but  I  cannot  remember 
to  have  observed  another  instance,  and  in  the  rock  itself  hornblende 
is  seldom,  if  ever,  present.  In  no  one  of  twenty-four  slices  in  my 
cabinet,  three  of  them,  according  to  report,  from  the  same  block 
as  the  specimen  at  Berne,  can  I  find  an  indubitable  grain  of 
hornblende.  Again,  what  explanation  must  we  give  of  the  biotite 
'  skin/  which  so  curiously  mimics  a  '  bark.'  Was  it  a  contact 
product  of  the  gneiss  and  the  amphibolite,  or  a  secondary  result 
of  their  juxtaposition  and  of  mechanical  disturbances?  Yet  more, 
how  do  we  account  for  the  curious  petrographical  character  of  the 
so-called  Carboniferous  gneiss,  which  is  so  distinctive  as  to  catch 
the  eye  at  once  in  the  field,  and  to  have  led  the  official  geologists 
of  Switzerland  to  distinguish  it  from  the  other  gneisses  of  the 
region?^  I  am  fairly  well  acquainted  with  Alpine  gneisses,  and  this 
one,  so  far  as  I  can  remember,  differs  from  all  others  known  to  me. 
The  '  mortelstructur '  also,  exhibited  by  certain  specimens  from 
Guttannen,  appears  to  me  abnormal.  From  the  majority,  which 
neither  resemble  true  gneisses  nor  those  called  mylonitic,  it  is 
absent;  in  the  few,  where  it  occurs,  the  presence  of  a  fragment 
seems  possible. 

But  I  must  admit  that,  though  some  aspects  of  the  problem  seem  to 
have  been  overlooked  by  the  authors,  their  petrographical  description 
of  this  Guttannen  gneiss  makes  it  impossible  that  these  structures 
can  be  the  remains  of  plants.  Hence,  whatever  the  rock  may  ' 
they  cease  to  have  any  special  interest.  They  do  not  reveal  its 
geological  age,  and  the  inferences  founded  on  them  are  fallacious. 
That  a  mistake  had  been  made,  I  was  confident  from  the  first ;  but 
of  the  two  possible  explanations  of  it  I  have  apparently  adopted  the 
wrong  one.  Though  I  naturally  regret  this,  I  cannot  but  rejoice 
at  the  effectual  laying  of  another  metamorphic  spectre,  and  for  that 
we  are  deeply  indebted  to  Messrs.  Yon  Fellenberg  and  Schmidt. 

1  Near  Guttannen  they  term  it  Seritische  Fhyllite,  an  inappropriate  name,  as 
I  ondeiBtand  FhjUite. 
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But  I  may  "be  allowed  to  remark  that  their  exorcism  comes  rather 
2ate  iu  the  day.  Such  an  investigation  ought  to  have  been  under- 
taken at  least  a  dozen  years  ago,  that  is  to  say,  before  the  specimen 
was  displayed  in  the  principal  museum  at  Berne,  figured  and 
described  by  a  government  department,  and  trumpeted  forth  to  the 
world  by  an  official  geologist  as  a  discovery  of  prime  importance  in 
the  history  of  metamorphic  rocks.  For  twelve  years  this  error  has 
been  infecting  textbooks  and  impeding  progress ;  but  at  last  the 
plant  -  remains  in  the  gneiss  of  Quttannen  have  gone  to  join 
the  schists,  where  garnets  and  staurolites  dwell  in  unity  with 
belemnites,  in  that  limbo  which  is  appointed  for  exploded  hypotheses* 
J^equieseant  in  pace ! 


IV. — Thb  Geological  Age  op  the  Earth. 

By  J.  JoLY,  M.A.,  D.Sc,  F.R.S. 

f  THE  able  review  of  my  paper  on  the  Geological  Age  of  the  Earth 
X  which  appears  in  the  March  number  of  this  Magazine  (p.  124), 
from  the  pen  of  the  Be  v.  O.  Fisher,  raises  again  questions  of  such 
^ide  interest  that  some  further  remarks,  referring  principally  to 
the  criticism  of  the  distinguished  writer  of  the  review,  and  also 
to  criticisms  which  I  have  received  from  others  and  which  are 
{>robably  in  the  minds  of  many  who  have  considered  the  matter, 
may  not  be  out  of  place. 

My  position  in  reference  to  the  mode  of  estimating  the  Geological 
Age  of  the  Earth  advocated  in  my  paper  has,  of  course,  been  that 
of  the  Uniformitarian.  In  answer  to  general  objections  on  this 
43core,  I  have  only  to  say  that  positive  knowledge  on  the  subject 
under  discussion  will  probably  never  be  attained  by  Science. 
Recognizing  this,  we  may  ask  of  the  Physicist  on  the  one  hand, 
And  of  the  Geologist  on  the  other,  to  what  the  probable  error- 
limits  of  their  several  methods  of  computation  may  amount.  Will 
the  Geologist  admit  as  probable,  denudative  activities  continued 
throughout  the  entire  past  of  geological  history  which  are  sufficiently 
•discordant  with  those  of  to-day  as  to  bring  his  error-limit  to  the 
magnitude  of  that  confessed  to  by  the  Physicist  ?  Will  he  admit, 
in  short,  that  the  activities  of  to-day  may  have  been  five  times 
excelled  or  five  times  diminished,  and  stand  divided  between  the 
possibility  that  they  were  maintained  at  the  one  or  the  other  of  these 
magnitudes  throughout  geological  time  ?  In  other  words,  that  our 
hundred  million  years  may  have  been  five  hundred  millions  or  twenty 
millions  so  far  as  denudative  processes  can  tell  us  ?  Yet  it  is  just 
this  position  the  Geologist  must  assent  to  before  he  attains  to 
the  uncertainty  which  divides  Physicists  on  this  question  at  the 
present  day.  I  need  not  draw  the  obvious  inference  or  review 
the  question  further. 

Among  geological  methods,  that  one  which  I  have  advocated 
(and  in  which  I  was  in  part  anticipated  by  Mr.  Mellard  Beade) 
•claims,  as  I  have  contended,  the  safest  and  most  restricted  measure 
of  Uniformitarianism^ claims,  in  fact,   uniformity  confined  more 
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especially  to  aotivities  depending  on  molecular  proceBses :  processea^ 
in  which  the  mutual  presence  of  the  reacting  substances  is  the- 
primary  factor,  their  rate  of  relative  motion  or  circulation  entering 
the  result  only  in  a  secondary  manner.  The  method,  in  short,, 
relies  principally  on  uniformity  in  the  prevalence  of  that  most  general  • 
of  geological  conditions,  the  mutual  presence  of  water  and  rock 
material  over  the  land  areas.  I  can  best  explain  by  an  example. 
Suppose  we  desire  to  estimate  the  rate  of  solubility  of  basalt  ii^ 
water.  We  arrange  that  a  measured  quantity  of  water  circulates 
over  the  fragments  of  rock  for  a  certain  time.  Now  in  this 
experiment,  whether  we  circulate  the  water  quickly  or  slowly 
over  the  rock  the  result  will  be  the  same  or  nearly  the  same. 
This  is  so  because  the  molecular  actions  are  relatively  so  slow 
that  even  very  sluggish  circulation  of  the  water  suffices  to  renew 
the  solvent  before  saturation  is  nearly  attained,  and  so  suffices  \j> 
preserve  the  action  at  its  maximum  rate.  The  acoelerative  influence 
of  friction — as  in  Daubr6e's  revolving  cylinders — plays  relatively 
but  a  small  part  in  the  work  of  chemical  and  solvent  denudation^ 
on  the  earth's  surface. 

But  advantages  depending  on  the  restriction  of  our  Uniformi-' 
tarianism  are  not  the  only  ones  which  the  method  claims  to  possess* 
The  quantities  involved,  those  on  which  our  final  answer  depends, 
are  more  clearly  defined  and  more  accurately  measurable  than  those^ 
required  in  Uniformitarian  methods  based  on  rates  of  sedimentation. 
The  total  volume  of  the  ocean,  its  composition,  the  volume  and 
composition  of  the  river  water,  are  quantities  meaiurahle  mthout 
speculation ;  our  knowledge  of  which  will  grow  with  the  advance 
of  Science. 

The  value  of  this  restricted  Uniformitarianism  may  be  exemplified 
in  the  possibilities  involved  in  the  abnormal  lunar  tides  suggested 
by  Professor  G.  Darwin.  If  such  abnormal  tides  affected  the  earth's 
surface  within  the  period  of  the  Geological  Time  of  which  we  speak, 
the  mechanical  effects  would  remain  the  chief  record ;  and  we  could 
not  say  if  the  wider  and  barer  coasts  of  the  period  would  contribute 
more  or  less  than  the  normal  dissolved  matter  to  the  ocean.  We 
might  argue  for  more  on  the  ground  of  increased  mechanical  action  ; 
for  less,  on  the  grounds  that  the  soils  wherein  chemical  effects  would 
most  favourably  progress  had  not  been  formed.  Very  probably  the 
ultimate  result  would  be  to  affect  our  numbers  but  little. 

This  appropriately  leads  me  to  the  question  of  the  nature  of  the 
primitive  ocean.  I  submit  that  upon  those  who  wish  to  imagine 
the  waters  of  the  primeval  earth  charged  with  alkaline  salts  rests 
the  onus  of  showing  how  these  elements  escaped  the  avidity  of  the 
silica  under  early  igneous  conditions :  the  combination  of  the  two 
being  the  course  of  events  which  we  ptimd  facie  infer.  Or,  if  they 
admit  such  formation  of  alkaline  silicates,  they  have  to  explain  the 
subsequent  release  of  the  alkali. 

On  this  last  point  I  have  in  my  paper  gone  on  the  assumption 
(justifiable,  as  I  submit)  that  long-continued  attack  from  free  acid 
cannot  be  assumed  as  directed  to  the  one  element  sodium.     Free 
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aoid  in  the  primitiye  atmosphere  must  be  supposed  to  act  upon  the 
primitive  rock  mach  as  it  would  in  the  laboratory  experiment  of 
to-day,  when  we  put  such  rook  to  digest  in  the  aqaeous  solution  of 
the  acid.  Taking,  then,  H  Gl  as  probably  by  far  Uie  most  abundant 
of  the  free  active  acids  of  the  primeval  atmosphere,  the  outcome 
of  the  chemical  reaction  between  the  acid  and  the  average  rock-crust 
affords  such  a  mass  of  sodium  as  would  shorten  Grcological  Time  by 
some  six  million  years.  (The  corrigenda  affixed  to  my  paper  should 
be  consulted  in  reference  to  this  number.) 

I  may  add  with  regard  to  vague  ideas  (not  unprevalent)  as  to 
long  i^es  of  boiling  waters  acting  upon  the  primitive  i-ocks  that 
calculation  relegates  these  long  ages  to  their  proper  importance. 
In  fact,  the  rate  of  cooling  of  lava  after  solidification  is  so  rapid  that 
the  long  ages  shrink  to  a  very  few  years.  **  The  thickness  of  the 
wholly  solidified  crust  grows  at  first  with  extreme  rapidity— at  the 
end  of  a  year  it  may  be  as  much  as  ten  metres,  with  a  surface  almost 
or  quite  cool  enough  for  some  kinds  of  vegetation."  (Lord  Kelvin, 
'« The  Age  of  the  Earth  "  :  Address  to  the  Victoria  Institute,  1897.) 
The  subsequent  rate  of  cooling  may  be  inferred  from  a  further 
extract  from  the  same  address :  "  To  fix  our  ideas  let  us  suppose 
at  the  end  of  one  year  the  surface  to  be  80°  (Cent.)  warmer  than 
it  would  be  with  no  underground  beat,  then  at  the  end  of  100  years 
it  would  be  8°  warmer,  and  at  the  end  of  10,000  years  it  would  be 
0*8  of  a  degree  warmer."  So  then  (and,  be  it  observed,  these  figures 
are  independent  of  what  we  postulate  as  to  the  gross  thermal  actions 
involved  in  earth-cooling)  the  long  ages  shrink  to  a  period  of 
a  century,  during  which  the  water  fell  through  its  critical  point 
to  a  liquid  resting  on  our  earth,  warmed  about  8°  above  what  it 
is  to-day ;  if,  indeed,  a  lesser  sun-heat  (see  Professor  Perry's  article 
in  Nature,  voL  Ix,  p.  247)  did  not  act  to  make  it  considerably  cooler. 
Now  if  we  assume  that  the  mean  rate  of  solvent  and  chemical 
aqueous  denudation  during  this  period  was  as  much  as  one  hundred 
times  as  great  as  to-day,  we  find  10,000  years'  work  accomplished 
in  the  first  100  years  :  involving  a  correction  evidently  quite 
negligeable. 

But  difficulties  which  may  be  described  as  based  on  highly 
probable  speculation  are  not  the  only  ones  which  have  to  be  faced 
by  the  advocates  of  the  primitive  alkali-charged  ocean.  Let  us 
suppose  they  have  surmounted  the  difficulties  of  accounting  for  the 
state  of  things  they  desire  to  establish.  They  have  now  to  explain 
how  the  known  enormous  subsequent  formation  of  sediments  was 
effected  from  the  original  rock-crust  without  putting  into  the  ooean 
the  bulk  of  the  alkalies  they  have  already  assumed  to  be  in  it  Still 
more,  they  have  to  explain  the  coincidence  that  the  approximate 
measure  of  the  sodium  missing  from  these  sediments  very  closely 
suffices  to  account  (the  error  being  on  the  side  of  excess)  for  the 
amount  of  sodium  in  the  ocean.  This  is  a  point  resting  on  estimates 
certainly  sufficiently  reliable  for  the  degree  of  accuracy  required 
in  confirmatory  evidence,  and  can  neither  be  slighted  nor  ignored 
till  its  fallacy  is  demonstrated. 
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Before  finally  dropping  the  subject  of  the  primitive  ocean  I  must 
refer  to  a  remark  of  Mr.  Fisher's  to  the  effect — if  I  understand  it 
aright — that  any  assumption  involving  an  original  ocean  free  from 
alkalies  also  involves  chemical  proportions  between  the  alumina 
and  the  alkalies  in  the  original  rocks.  **  If  this  proportion  did  not 
hold  there  would  have  been  either  alumina  uncombined  in  the 
crystalline  rocks  or  alkalies  over  to  combine  with  the  acids  in  the 
ocean,  presumably  the  latter,  seeing  that  alkali  salts  abound  in  it 
at  present  That  this  due  proportion  should  have  existed  does  not 
seem  probable."  I  really  see  no  reason  why  we  should  look  for  or 
except  any  such  equivalence  between  alumina  and  alkali.  Why 
not  an  excess  of  alumina  over  alkali?  Why  not,  when  a  glance 
at  Mr.  Clarke's  average  crust-composition  shows  that  there  in 
a  very  large  excess  of  alumina  over  what  is  required  to  make  felspar 
molecules  out  of  the  alkalies  or,  for  that  matter,  molecules  of  most 
of  the  important  alumina-alkali-silicates ;  and  fresh-water  lakes  of 
to-day  exist  among  such  rocks  ?  Would  any  special  difficulty  arise 
if  these  lakes  were  now  to  be  formed  by  condensation  of  steam  ? 

Mr.  Fisher's  criticism  on  the  legitimacy  of  accepting  the  river 
supply  of  sodium  to  the  ocean  is  directed  to  the  origin  of  the 
chloride  of  sodium  of  the  rivers;  contending  that  Clarke's  crust- 
percentage  of  chlorine  (0  01)  is  inadequate  to  account  for  the 
chlorine  involved.  Hence,  he  suggests,  we  must  look  to  Sterry 
Hunt's  "  fossil  sea-water  "  contained  in  sedimentary  rocks. 

With  regard  to  this  point  it  will  conduce  to  clearness  if  I  first 
refer  to  the  deductive  allowance  of  sodium  chloride  required  by  the 
presence  of  this  body  in  rain-water. 

In  my  calculations  I  had  allowed  10  per  cent  of  the  chloride 
of  sodium  of  rivers  as  supplied  by  rain,  and  on  this  account  not 
entering  the  calculations.  This,  I  of  course  admit,  may  have  been 
an  insufficient  allowance.  But  in  the  present  state  of  our  knowledge 
on  the  matter  I  do  not  think  more  or  much  more  is  justified.  Inland 
rains  show  an  ever  diminishing  percentage  of  salts,  and  again  much 
of  the  rainfall  richest  in  salts — that  falling  immediately  on  seaboards 
— finds  its  way  back  to  the  ocean  in  rills  and  streams,  taking  but 
little  from  the  land.  The  great  rivers  of  the  world,  which 
make  up  the  bulk  of  the  estimate  of  the  river  supply  to  the  ocean, 
gather  their  constituents  from  inland  areas  remote  from  the  coasts. 
On  this  point  our  knowledge  will  doubtless  grow  with  the  years. 

It  will,  however,  clear  away  misapprehension  as  to  the  stress  to 
be  laid  on  this  matter  if  I  state  that,  admitting  very  wide  error  on 
my  part  in  making  this  allowance,  the  final  possible  error  involved 
is  quite  limited  in  amount  Suppose,  in  fact,  we  extend  the 
allowance  to  a  point  certainly  not  justifiable,  and  assume  half  the 
total  NaCl  of  rivers  to  be  derived  from  rain-water.  Then 
it  will  be  found  that  the  estimate  of  Geological  Time  increases  from 
90  to  100  millions  of  years.  If,  then,  10  per  cent  is  too  small 
and  50  per  cent,  is  too  large  an  allowance,  we  fix  our  limits  as 
between  90  and  100  millions  of  years.  If  we  were  sure  of  this 
we  might  be  well  satisfied ! 
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Now  as  to  the  **  fossil  sea-water."  In  the  first  place  we  find  very 
oonfiioting  evidence.  Mr.  Fisher,  himself,  quotes  two  observations — 
one  affording  0*042  per  cent,  of  ''chlorine  caloalated  to  sodium 
chloride/'  the  other  affording  a  quantity  too  small  for  estimation. 
Sterry  Hunt  quotes  many  analyses  of  deep-seated  springs,  some  in 
faulted  beds,  others  in  apparently  undisturbed  beds.  The  results 
give  the  most  widely  varying  amounts  of  sodium  and  other  elements 
in  elelution.  Even  in  the  case  of  wells  arising  in  the  same  rocks 
and  near  together  (as  in  the  Trenton  Limestone)  the  relative 
proportions  of  dissolved  salts  vary  even  to  100  per  cent.  His 
results  did  not  lead  him  to  the  conclusion  reached  by  Mr.  Fisher 
(that  but  little  sodium  had  entered  the  sea  since  Silurian  times), 
but  to  the  conclusion  that  the  original  ocean  contained  large  amounts 
of  calcium  chloride,  and  that  alkaline  carbonates  (derived  from 
decomposing  felspars)  ''  which  from  the  earliest  times  have  been 
flowing  into  the  sea  have  gradually  modified  the  composition  of 
its  waters,  separating  the  lime  as  carbonate  and  thus  replacing  the 
chloride  of  lime  with  chloride  of  sodium."  (''  Chemistry  of  Natural 
Waters,"  §  24)  A  conclusion  essentially  in  accord  with  the  theory 
of  oceanic  supply  which  I  have  advocated. 

-  Finally,  if  we  refer  to  No.  148  Bulletin  of  U.S.  Geological  Survey,' 
containing  Messrs.  Clarke  &  Hillebrand's  valuable  collection  of 
rock  analyses,  we  find  among  many  very  minute  analyses  of  slates, 
shales,  and  day-slates  the  chlorine,  in  one  case  only,  given  at  as  much 
as  0-01  per  cent.,  and  generally  left  blank  or  entered  as  "  trace." 

*  But  the  part  played  by  possible  "fossil  sea- water"  is  capable 
of  estimation  and  of  having  a  true  value  assigned  to  its  importance.  . 
Let  us  accept  Mr.  Fisher's  first  quoted  observation,  that  most 
favourable  to  his  suggestion,  without  reserve.  Assume  the  per- 
centage of  chloride  of  sodium  derived  from  ** fossil  sea- water"  to 
be  0042  in  all  slates  and  similar  rooks,  and  that  such  rocks  cover 
one-half  the  land  area  of  the  globe.  We  will  also  take  the  figure 
of  one  foot  in  6,000  years  (which  Mr.  Fisher  favours)  as  the  rate 
of  denudation  ;  and  remarking  that  the  sodium  chloride  supply 
from  this  source,  in  order  to  be  continuous,  must  keep  pace  with 
the  rate  of  denudation,  we  proceed  to  estimate  the  amount  of 
sodium  set  free  by  denudation,  and  express  this  as  a  percentage 
of  the  quantity  of  the  element  contained  in  the  river  supply  to 
the  ocean.  The  result,  as  I  reckon,  comes  out  as  0-9  per  cent. 
If,  then,  this  amount  of  sodium  chloride  cireviaiedy  our  conclusion 
as  to  the  duration  of  Geological  Time  would  be  falsified  by  about 
this  percentage,  but  the  assumptions  we  made  in  obtaining  even 
this  number  are  evidently  entirely  unwarranted. 

In  point  of  fact,  the  conclusion  which  Mr.  Fisher  draws  from 
his  experiments  might  indicate  that  the  premises  were  somewhere 
at  fault — that  "not  much  additional  sodium  can  have  accumulated 
in  it  (the  ocean)  since  Silurian  times."  Mr.  Fisher  elsewhere  refers 
to  the  setting  free  of  the  alkalies  of  the  felspars  of  granites. 
What,  then,  became  of  all  the  sodium  contributed  in  this  manner 
to  the  ocean  throughout  the  ages  that  have  since  passed  away  ? 
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Now  oooitrast  ike'  foregoing  inadequacy  of  denudation  as  acting 
to  set  free  ''fossil  sea-water"  with  denudation  as  dissolymg  the 
alkalirsilioates,  the  latter  action  being  very  interestingly  brought 
out  by  Mr,  Fisher  himself  in  his  estimate  of  the  rate  of  denudation 
required  to  maintain  the  river  supply  of  alkalies.  I  veature  to 
claim  that  Mr.  Fisber  has  strongly  supported  my  view  in  showing 
that  xsW  of  a  foot  of  granite  removed  per  annum  over  the. land 
area  would  sufiSce  to  supply  the  sodium  of  the:  rivers.  In  this 
oonnection  I  again  urge  that  detrital  rocks  passing  more  readily 
into  soils  and  exposing  finer  material  to  surfietoe  actions  probably 
contribute  quite  as  effectively  as  eruptive  rocks  to  the  supply  of 
alkaltes. 

FinaUy,  in  reference  to  Mr.  Clarke's  estimate  of  the  crust 
constituents,  it  is  worth  noting  that  this  estimate  is  not  derived 
ia  such  a  manner  as  to  include  eztravasated  substances.  As 
I  gather,  it  is  founded  on  typical  rock  analyses.  Now  chlorine,  as 
it  happens,  entering  only  with  difiSculty  into  the  constitution  of 
silicates,  occurs  chiefly  as  an  extravasated  substance.  Hence  we  find 
it  abundant  in  mineral  springs  of  volcanic  regions  and  in  association 
with  ores.  Springs  arising  in  oonnection  with  lodes  are  often 
heavily  charged  with  chlorides.  The  sources  of  supply  are  in  these 
cases  probably  deep-seated,  and  would  not  enter  into  estimates  of 
crust  constituents  based  on  rock  analyses.  It  will  be  at  once 
apparent,  too,  that  saline  waters,  where  entering  occasionally  into 
deep-seated  bedded  rocks,  may  well  be  derived  from  such  sources ; 
or,  again,  from  inland  waters  of  former  times  which  had  never 
communicated  with  the  ocean.  The  very  various  composition  of 
such  waters  from  deep  wells  supports  their  non-oceanic  origin. 
For  the  greater  part  these  sources  of  chlorine  are  to  be  included 
on  the  side  of  the  crust  constituents  and  (for  a  large  part)  so  far 
as  they  include  sodium  in  combination,  go  towards  explaining  the 
discrepancy,  such  as  it  is,  in  the  equation  between  the  sodium 
missing  from  the  sediments  and  the  sodium  of  the  ocean. 

We  have  no  reason  to  suppose  the  contributions  from  these 
sources  to  the  rivers  to  have  varied  in  one  or  the  other  direction 
during  the  past 

y. — Catalogue  of  thb  known  Fobaminiitsba  feoh  thb  Chalk 

AND  ChALKMABL^   OF  THB   SoUTH  AND   SoUTH-EaSTBBN  CoUNTIBS 

OF  England. 

By  Prof.  T.  Rupbrt  Jones,  F.R.S.,  F.G.S. 

The  sources  of  information  are  given  below. 
D.  From  T.  Rupert  Jones's  Catalogue  of  the  Foraminifera  from 
the  Chalk  and  Chalkmarl  in  the  Second  Edition  of  Dixon's 
"  Geology  and  Fossils  of  Sussex,"  1878,  pp.  284  and  286. 

^  It  is  not  here  practicable  to  divide  the  Foraminifera  belonging  seyerally  to  tht 
two  formations  ;  but  some  indication  of  the  distribution  is  shown  by  the  list  at 
pp.  284  and  285  of  Dixon*s  <*  Snssez,''  2nd  edition,  1878.  Of  the  range  of  these 
Foraminifera  in  earlier  strata  of  the  Cretaceous  series,  some  particulars  may  b« 
gathered  from  the  list  published  in  Topley's  *'  Geology  of  the  Weald  "  (Mem.  GeoL 
Surr.,  1875,  pp.  423  and  424),  as  far  as  known  at  that  time. 
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Or.  Vomninifera  of  the  Ohalk  and  Ohalkmarl  referred  to  m  die 
^  Monograph  on  the  Foraminifera  of  the  Crag,"  hy  T.  Bapert 
Jones  and  others :  Pal.  8oa,  parts  ii,  iii,  iv,  1895-96-97. 

#•  Fonuninifera  belonging  to  the  Ohalk  and  Ohalkmarl  referred  to 
in  F.  Ohapman's  "  DesoriptioB  of  the  Foraminifera  from  ttie 
Qanlt" :  Trans.  Boj.  Miorose.  Soc.,  1891-96. 

T.  Chapman,  **  On  Miorozoa  from  ^e  Phosphatio  Chalk  of 
Taplow":  Qoart.  Jonm.  GeoL  Soa,  vol.  xlviii,  1892, 
pp.  614-618. 

L.  Chapman,  ''Foraminifera  of  the  Phosphatio  Chalk  of  Lewes": 
Quart  Joum.  Geol.  Soa,  toL  Hi,  1896,  pp.  470-472. 

Jones  and  Ohapman,  ''On  the  Fistulose  FolymorpMna  and  the 
Qenas  RamuUna  " :  Jonm.  Linn.  Boo.,  Zool.,  toL  xxvi,  1897, 
pp.  340,  etc.  Besides  several  of  the  Fciymorphina,  this 
memoir  treats  espeoially  of  Bamulina  aeuleata,  Wright^  for 
D,  Q,  T ;  and  B,  glohulifera,  Bradj,  for  the  oolamn  G. 

Upper  Chalk :  Porlej,  Surrey.    Mr.  Charles  Upton's  "  Chalk  under 
the  Microsoope  "  :   Proo.  Cotswold  Nat  Field  Club,  vol.  vii, 
pt  2,  1898,  pp.  209-216.    With  the  nomendature  revised, 
the  species  noticed  and  fignred  in  this  memoir  are : — 
Ihetvlaria  gloMo$ti,  Bhrenbtrg.  FrondimUtria  (mmtm,  Benss. 

„       turri4,  D*0rb^  CristeilMrim  trnvm^Mt,  Bomem. 

Gaudryma  pupoieUi,  D*0rb.  Samulina  aculeaU^  Wright. 

Sulimina  jkurehitonianaf  D*0rb.  „        glohul\fertt^  $rady. 

„        09ulum,  D*0rb.  Olohigerina  marginata^  Reusv. 

Drmdieutaria  caronrnta,  Penur.  M0taHa  SoUUmiiy  D'Orb. 


D. 

Cr. 

0. 

T. 

L. 

HlLIOLIDA 

JfuktcuUuria  tibia,  Jones  &  Parker 

♦ 

m 

•' 

S^nrobmdim  limhaUt,  D'Orbigny 

• 

MilioUna  teminubm  (Liim6)           

,,        trigonula  (Lamarck)       

,,        oblonga  (AonUi^)         

♦ 

• 

„        <«r^«  (KarrerT 

# 

♦ 

« 

LlTVOLIDJi. 

... 

• 

„        ovatum  {RsLgenow)         

... 

... 

• 

• 

FlMopiiUna  Cenomana,  D*Orb 

« 

... 

... 

? 

Mdelloidina  aggre^ata,  Carter.      From  the 

Chalk;  localitr  not  known. 

♦ 

TbXTUTiA&IIDJB. 

Tsxtularia  globulota,^  Ehrenberg 

„             ,,      var.  ttriUta,^  Ehrenberg 

« 

• 

♦ 

• 

... 

« 

• 

„        decurreiUf^  Chapman     

... 

« 

>  Theee  are  included  in  a  new  genua,  *  Ouembelitia,*  by  Dr.  Egger,  1899. 
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m 


D. 

Or. 

G. 

T. 

L. 

... 

..• 

••• 

• 

„        mu)ip$,  Benss      

>.. 

... 

..• 

• 

„        dwiM«,  D'Orb 

... 

• 

... 

• 

„        irochui,  D'Orb 

• 

... 

• 

• 

• 

<i«rm,  D'Orb 

• 

... 

• 

„        agghUxnantf  D*Orb 

• 

• 

tt       MfiMf^a  (Karrer) 

... 

... 

... 

• 

,t        mrrata,  Gbapman          

... 

... 

... 

• 

„        99gUtuU,  Defranoe        

... 

... 

... 

• 

„       ^iMow,  D'Orb 

• 

• 

„        -BaiMfoKuiiki,  D'Orb 

• 

ly       jM^<9l0fMa,  BeoM ...        ...        ••» 

• 

rmrnHlinm  trigveira  (Munster)     

• 

... 

• 

• 

„        J^roMMu,  Renss 

• 

* 

„        i^HfiN^bM,  Ileafls 

..• 

... 

..• 

• 

„       i's^^ivkM  (Egw)            

• 

... 

... 

• 

• 

M       fovtoUUa^  Marsson         

... 

>•• 

... 

... 

• 

„        iriemrinata.  Reuse          

... 

••• 

... 

• 

• 

Spir9pl0eta  ro$$a,  YAaeo\iet%          

• 

„        anneeUniy  Parker  k  Jonee 

... 

... 

... 

• 

• 

„        htfwrmit,  P.  &  J 

... 

... 

..• 

• 

^mdrjfinarugo—,  WOih 

• 

... 

• 

• 

„       ptipo««,  D»oS 

... 

... 

• 

• 

• 

... 

• 

• 

B%gmi$rina  pemtUula  {BaiBS^        

• 

EtttroitomUa  aeuUata  (Ehreoberg) 

« 

• 

• 

• 

• 

„        t^nit,  D*Orb 

• 

... 

• 

# 

„        owrfu,  D'Orb 

... 

... 

• 

... 

... 

• 

„        *r*rt#,  D'Orb 

... 

... 

• 

• 

„        o6<i«a,  D'Orb 

• 

... 

• 

« 

•  ■ 

M        trigona,  Gbapman          

... 

« 

Mmvhitoniana,  D'Orb 

• 

... 

• 

• 

• 

„        intsrmediaf  Benae          

^    • 

„        ohliqua,  D'Orb 

• 

„        opulum.  Reuse     

• 

„        iV#»/i,  Reuse      

• 

... 

• 

wfHtf^it,  D'Orb 

• 

... 

• 

„        polyMtrcphu,  BsvM         

BifU9iMaiUlatuta,iiewu      

... 

• 

• 

„        8triffillata,  Gbapman     

„        punctata,  D'Orb.           

• 

• 

• 

M        t«xtularioide$.  Reuse      

... 

... 

... 

• 

„        nohilii,  Hantken            

... 

... 

... 

• 

,»        obtoleta^  Eley      

• 

VWguUna  Schreibertianay  Gzjzek 

• 

... 

• 

... 

... 

... 

• 

„        JStfM^cAit  (Ebrenberg) 

♦ 

,,       paradoxa  (Ebrenb.)        

i^ZMrMfomtf/Za  M^odlMa,  Hantken 

• 

... 

>•• 

• 

LAonriDA. 

Xtf^MM  Mf^Mto,  Walker  &  Jacob 

• 

• 

„     ^fo&Mtf  (Montagu) 

„     ttriatcptmctata,  Parker  &  Jonee     ... 

... 

• 

• 

• 

... 

« 

• 

„     &«fa(Monta^)       

♦ 

,t     ^r«ct/i«,  Williamson           

... 

• 
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.  ■    i        '.''!■     •  .     i 

D. 

Cr. 

G. 

T. 

L. 

Nbdosafia  ZippH,  Ueuaf,  =  raphanus(Ujm^ 

* 

• 

• 

■ 

,f  [     radieulaiUam^) .., 

* 

« 

„        ambiffua,  Neugeboren    ... 

« 

p 

„  '     Unvieosta,  "keusa 

• 

Subgen^is  1.  QlanduliHa  Uevigata,  D'Orb. .. 

* 

„        ^UndracMy  Reuiss  .. 

... 

« 

!              „        Mutabilitf  Ren^s 

« 

,f        humility  Reu88 

« 

8abg6xms2.  Dentaltna  oUpoat^ia,  Beuss  .. 
f,        qfinU,  BeuBs 

• 
• 

• 

„         breviSf  Beuss 

« 

„        communis,  D*Orb.  .. 

« 

« 

• 

«^ 

;               „        ffraeili9,  D*Orl).      .. 

« 

• 

«- 

„       Jinearis,  Beuss 

« 

• 

.              „        Zomeianat  D'Orb. .. 

• 

♦ 

„        month,  Comuejl 

• 

„        iukata,  D'Orh.      .. 

• 

„        sulcata  {Nihaon)     .. 

• 

,,        ohscura,  Beuss 

4r 

, ,       ;  eottsobrina,  D'  Orb. . . 

# 

«- 

„        hispida,  D'Orb.      .. 

... 

... 

• 

obUqt4a,  D'Orb.       .. 

• 

„        J?o«wm,  Neugeboren 

« 

„        aculsata,  D'Orh.    .. 

• 

« 

„        pauperata,  D'Orb. .. 

« 

» 

„        nodosa,  WOih, 

• 

„        expansa,  Reuss 

• 

Lingulina  carinata,  D*  Orb 

• 

• 

„'       semiomata,  Henas          

4» 

Rhabdogonium  tricarinatum,  var.  acutangu- 

lum,  Reuss        , 

ih 

• 

4( 

• 

„         Vemeuiliana,  D'Orb.     ... 

• 

„        iricaHnata,  WOih 

« 

„;       angulosa,  D'Orb 

♦ 

• 

„'       flw^'iw/a,  Nilsson 

• 

„'       Cordai,  Reuss     

# 

at 

„        striatula,  Reuss 

4» 

,,        inversa,  Reuss 
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Marginttlina  glabra,  D*  Orb .           

• 

«. 

„        elongata,  D'Orb.            

• 

„        aquivoca,  Reuss 

«- 

,,        compressa,  D'Orb.          

« 

„        w»m,  Reuss         

• 

„        raricosta,  D'Orb 

« 

„        trilobata,  D'Orb 

• 

Vaginulina  laevigata  (Romer) 

„        oostulaia  (^otdlqi)           

• 

• 

,,        strigillataifij&MSB)          

„        truneata  (Reuss)             

• 

,,        gaultina,  Berthelin        

4» 

,,        comittna,  Berth 

« 

Cristsllaria  cultrata  (KonUort) 
,,        rotulata,  Lamarck 

• 
• 

• 

«- 
0 

„        ^iW«,  D'Orb 

«. 

„        fMM;*«*Za,  D'Orb.            

^ 

.  ^ 

„        triangularis,  D'Orb 

• 

« 

# 

„        gemmata,  Brady 

• 
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CrittiUaria  eonvergem,  Bornemann 

,,        Gaudrycma^  D*Orb. 

„        gaultina^  Berthelin 

,,        acutaurieularU  (Fichter  &  Moll) 

„        obaoUta,  Jones    ... 

„        ovaliSf  Heuss 

„        recta,  D'Orb.      ... 
FlabeUina  rugosa,  D*Orb.    ... 

,y        Battdouiana,  D'Orb. 

„        pulehra,  D'Orb. ... 

„        omata,  Beuss 

„        cordaUty  Reoss    ... 

„        eliiptiea,  Nilsson 

„        ovata,  Qeinits     ... 
Foigmorphitut  gibba,  D'Orb. 

,,        aettminatay  D'Orb. 

„        TKouinit  D*Orb. 

„        tororiaf  Beuss     ... 

„       /unformit  (Romer) 

„        OQtnpreua,  D'Orb. 

,f        eoiMHunig,  D'Orb. 
Uvigerina  CanarimHs,  D'Orb. 
Sagrina  rugosa,  D' Orb. 


Globioerinidjb. 
Globigerina  bulloidet,  D'Orb. 
eretaeea,  D'Orb. 
tnarginatUt  Beuss 
aquilaieralitf  Brady 
JAufUMna,  D'Orb. 
elevata,  D'Orb.  ... 
pelagica,  D'Orb.... 


BOTALIIDA. 

rUmorbuUna  CUmentiana,  D'Orb. 

9,        Lomeuinay  D'Orb. 

„         Voltziana,  D'Orb. 
IVimetUulina  lobatula  (Walker  &  Jacob) 

„        variabilis,  D'Orb. 

„         Ungeriana  (D'Orb.) 

„        HaidingeH  (D'Orb.) 
IHteorbina  Berthelotiana  (D'Orb.) 
AnomalifM  ammonoides  (Heuss) 

„        ariminentit  (D'Orb.) 

„        gro9serugo$a  (Qiimbel) 

„        ro/M/a  (D'Orb.)  ... 
JPukinulina  elegant  (D'Orb.) 

„        ^artteni  (Reuss) 

„        punetuiata  (D'Orb.) 

„        Menardii  (D'Orb.) 

„        Corderiana  (D'Orb.) 

„        ^Towa  (D'Orb.)  ... 
•     „        Mieheliniana  (D'Orb.) 
BaUUa  exaeulpta,  Beuss 

„        Soldanii,  D'Orb. 

y,        Beeearii  (Linne) ... 
C^earina  Spengleri  (Gmelm) 
Ofptina  ovatay  ^Bxtaon 


Or. 


G. 
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L— A  Memoir  on  thk  PaIuSozoio  Bbtioulatk  Spongm  ootr-* 
8TITVTIN6  THE  Fasult  Diottosponoida.  By  Jambs  Hall, 
Bute  Geologist  and  Palaeontologist,  in  collaboration  with  John 
M.  Olabke,  Assistant  State  Geologist  and  Palsaontolo^t. 
Imp.  4to ;  pp.  850,  plates  Ixz  and  45  figures  in  the  .text. 
(University  of  the  State  of  New  York,  1898.) 

THIS  elaborate  monograph  treats  of  a  family  of  siliceous  sponges- 
which  occur  very  abundantly  in  certain  portions  of  the  Chemung 
division  of  the  Upper  Devonian  in  the  State  of  New  York ;  they  are 
also  present  in  lesser  numbers  in  the  sub-Carboniferous  rocks  of  Ohio 
and  Indiana.  Beyond  the  bounds  of  the  United  States  they  are 
repre^nted  by  a  few  forms  in  ihe  Psammites  du  Condroz  (on  the 
same  horizon  as  the  Chemung)  in  the  North  of  France,  which  have 
been  described  by  Dr.  Charles  Barrois ;  one  species  is  also  known 
from  the  Middle  Devonian  of  the  Eifel,  and  another,  which  appears 
to  be  the  oldest  representative  of  the  family,  has  been  found  is  the 
micaceous  shales  of  the  Upper  Ludlow  of  Westmorland,  and 
described  by  McCoy  under  the  name  of  Tetragon%9  Danhyu 

The  sponges  of  this  family  are  very  varied  in  shape,  but  the 
majority  are  vasiform,  cylindrical,  or  prismatic  whilst  others  are 
flattened  saucer-shaped,  and  not  infrequently  they  are  of  large  si2e. 
They  consist  of  a  thin  wall  which  is  built  up  of  fascicles,  principally 
of  elongate  rod-like  spicules  intermingled  with  others  of  orucifonn, 
five  and  probably  six  rays,  arranged  in  vertical  and  horizontal 
bands  so  as  to  form  a  lattice-like  mesh  with  rectangular  interspaces. 
With  the  exception  of  a  few  specimens  from  the  sub-Carboniferous 
rocks  of  Indiana,  these  sponges  are  only  known  in  the  form  of  casts 
or  solid  moulds  of  the  interior  hollow  of  tlie  sponge,  which  has  been 
infilled  with  the  arenaceous  Or  Calcareous  materials  of  the  ro6k  in 
which  they  are  imbedded.  Tliese  moulds  retain,  very  perfectly  aa 
a  rule,  the  form  of  the  sponge  scarcely  at  all  compressed,  and  their 
outer  surfaces  show,  in  a  fairly  definite  manner,  the  impressions 
of  the  spicular  bands  bounding  the  angular  mesh-in terspaoes*  '  But 
it  is  Very  difficult  to  determine  from  the  impressions  the  form,  sisse, 
and  disposition  of  the  individual  spicules  composing  these  bands,  and 
hence  arises  the  principal  obstacle  in  the  classification  of  these 
sponges,  which  rests  to  a  considerable  extent  on  their  outer  form 
and  proportions,  characters  of  very  subordinate  value  if  we  may 
judge  from  the  existing  members  of  the  class. 

In  some  specimens  from  the  sub-Carboniferous  rocks  of  Indiana 
where  the  matrix  is  a  calcareous  shale  or  mud,  the  onginally  silideous 
spicules  of  the  bands  are  now  replaced  by  pyrites,  and  it  has  been 
possible  to  determine  their  forms  to  a  certain  extent,  but  of  ilill 
gusater  significance  is  the  discorery  in  these  pyritized  specimens 
of  very  minute  flesh-spicules  comparable  with  those  in  exitting 
Hexactinellids,  Amongst  these  may  be  mentioned  small  regular 
six-ra{yed  forms  with  the  rays  minutely  spined,  peculiar  modifications 
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of  iW  piinil*)  and  u  oomparaiively  Mw  form,  termed  an  nmM, 
oonsisting  of  a  plomp  rod  with  an  umbrella-shcped  mmmit  Tliere 
are  alao  rode  with  anehOT-ehaped  terminations  as  in  riBoent  apongee 
of  the  same  gronp. 

The  Dictyospongida  in  the  Chemnng  rooks  of  New  York  ara 
not  infrequently  met  with  assooMted  together  in  largo  nnmben  in 
partioular  beds  of  a  somewhat  ooarse  sandstone  in  whtoh  they  li^ed 
and  floarisbed  in  large  oolonies.  This  habitat  is  in  striking  oontrast 
to  that  of  reeent  hezaotinellid  sponges,  of  whioh  the  greater  nomber 
liTo  in  mad  or  ooae  and  often  at  oonsiderable  depths,  whereas  the 
sandy  matrix  on  the  surface  of  whioh  their  DeTonian  progenitors 
lived  indicates  a  comparatiyely  shallow  sea. 

The  Bibliography  of  the  Diotyospongidai  is  not  withoni  itfterest 
The  earliest  known  example,  Hydnoeera$  te^srottisv  was  thas  named 
by  Conrad,  in  1842,  luder  the  supposition  that  it  was  an  tuKisual 
form  of  Oephalopod,  and  in  the  same  year  Vaouxem  described 
UphatUania  ChemungentiB,  another  member  of  the  family,  as  a  marine 
plant  In  1863  James  Hall,  the  senior  author  of  the  present 
monograph,  proposed  a  new  genus,  Dictyophytan,  with  nine  species, 
including  Hydnoceras  tuberoBum,  Conrad,  the  generic  name  signifying 
that  in  Hall's  opinion  the  fossils  beionged  to  marine  Algte.  That 
these  supposed  fossil  plants  were  in  reality  siliceous  sponges  related 
to  the  recent  Euplectellidas,  was  clearly  shown  by  B.  P.  Whitfield 
in  1881,  who  pointed  out  that  in  this  case  the  generic  term 
DietyophyUm,  Hall,  was  a  misnomer,  and  that  therefore  it  would 
be  necessary  to  go  back  to  one  of  the  earlier  names,  Hydnodera$, 
Conrad,  or  Uphantania,  Yanuxem.  In  1884  Professor  Halt  defined 
several  new  genera,  but  though  the  spongoid  character  of  the  family 
is  fully  recognized  in  the  name  given  to  it,  the  term  Dictyophyton  is 
retained,  and  the  same  course  is  followed  in  1890,  when  other  new 
species  were  placed  in  the  genus.  In  the  meantime  a  large  collection 
of  these  fossils  had  been  gathered  together  by  Professor  Hall,  who 
handed  them  over  to  Dr.  J.  M.  Clarke  for  revision,  and  It  may 
therefore  be  fairly  assumed  that  this  latter  author  is  mainly 
Responsible  for  the  classification  and  descriptions  in  the  present 
monograph.  We  find  in  it  a  veritable  revolution  as  regards  the 
nomenclature:  the  name  Dictyophyton,  Hall,  is  entirely  given  up, 
since  it  "has  proved  a  misleiuling  term  among  the  sponges'*; 
Conrad's  genus  Bydnoceras,  which  Hall  had  merged  in  DietyophuUm, 
is  again  revived,  and  the  various  species  placed  under  Dictyophyton 
by  Hall,  and  by  others  who  had  adopted  the  generic  name  without 
reference  to  its  original  signification,  are  now  distributed  among 
Byd/noura$  and  ten  new  genera  I 

A  summary  of  the  monograph  shows  that  the  Diotyospongid» 
famfly  is  divided  into  7  subfamilies,  all  new ;  32  genera,  20  of 
which  afe  new;  and  128  species,  of  which  77  are  new.  The 
descriptions  of  genera  and  species  are  drawn  np  very  carefully,  but, 
as  already  remarked,  the  structural  characters  of  the  skeleton  (n 
these  sponges  are  very  imperfectly  shown  in  their  casts,  and 
'  diflbreiloes  of  mere  outer  form  and  mode  of  growth,  on  wUch  many 
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,V>f  the:  generic  and  speoifio  features  are  mai&ly  based,  are  loo 
'  iDOonstaat  to  be  relied  on.  ' 

f    The.  varied,  forms  of  these  sponges  are  very  clearly  shown  in  the 

admirable  plates,  whilst  figures  of  the  remarkable  flesh-spicules 
'  are  ^ven  in  the  text 
<     This  monograph  is  a  worthy  addition  to  the  series  of  volumes 

on  the.  Palasontology  of  the  State  of  New  York  which,  under  the 

authorship  of  the  late  Professor  James  Hall,  have  appeared  during 
-  the  last  fifty  years,  and  it  also  furnishes  a  happy  augury  for  the 

further  continuance  of  the  series  by  his  successor.  Dr.  J.  M.  Clarke. 

G.  J.  H. 


II. — ^TuLT-BooK  OF  Paubontoloot.  By  Earl  A.  von  Zittel. 
Translated  and  edited  by  Chablbs  R.  Eastman,  Ph.D.  Revised 
and  enlarged.  Vol.  I.  pp.  viii  and  706,  with  1,476  woodcuts. 
(London :  MaomtUan  &  Co.,  1900.) 

OF  recent  years  it  has  become  more  and  more  evident  that  it  is 
impossible  for  one  man,  however  great,  to  write  unaided  an 
advanced  text-book  dealing  with  all  the  branches  of  one  science.  The 
only  way  in  which  an  advanced  text-book  can  be  compiled  so  as  to  be 
of  real  value  is  by  the  co-operation  of  a  number  of  specialists  under 
the  direction  of  a  competent  editor.  This  has  already  been  done  in 
some,  sciences,  and  to  this  class  of  work  we  may  refer  the  book 
under  consideration,  which  marks  an  epoch  in  palseontological 
literature. 

We  had  long  envied  our  German  colleagues  the  possession  of 
Zittel's  Handhueh  der  Palaeontologie,  for  although  it  was  for  the 
use  of  all  palaeontologists,  still  a  work  in  a  foreign  language  is 
never  quite  the  same  as  one  in  our  own ;  but  now  we  feel  that  we 

,have  the  advantage  over  them,  for  in  the  present  work  we  have 

^the  foundation  laid  by  Zittel  with  a  superstructure  by  a  number 
of  zoologists  who,  as  specialists  in  the  groups  with  which  they 
are  dealing,  possess  worldwide  reputations.  We  have  only  to 
glance  at  the  list  of  collaborators  to  see  what  an  immense  advance 

]  this  work  makes  on  all  other  palseontological  text-books. 

.  The  only  disadvantage  which  this  type  of  work  appears  to  us  to 
suffer  from,  is  the  fact  that  specialists  are,  after  all,  but  human 

'beings,  and  consequently  apt,  in  dealing  with  their  favourite  group 
of  animals,  to  give  undue  prominence  to  their  own  views,  especially 
in  matters  of  classification  and  nomenclature;  consequently  the 
advanced  student  will  do  well  to  bear  in  mind  that  each  chapter 
is  either  written  or  revised  by  an  ardent  enthusiast,  and  not  by 
a  cool  and  perhaps  unprejudiced  general  palaeontologist. 

Looking  at  this  work  in  more  detail,  we  find  that  while  the 

,  chapters  on  the  Protozoa  and  Ccdenterata  stand  essentially  as  in  the 
original,  those  on  the  Molluacoidea,  Molluaea,  and  Trilobita  are 
entirely  rewritten,  and  the  remainder  enlarged  and  revised.  Wo 
cannot  help  regretting  that  some  of  the  short  descriptions  of  the 

,  sub-kingdoms  were  not  revbed  along  with  tl^e  other  matter,  sinpe 
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^ucli  8(]fttemeiit8  like  thosie  on  p.  257  re  Ihe  supposed  reliBitioQships 
of  the  Mollusooidea  to  the  MoUusca,  and  the  supposed  total 
absenoe  of  all  hard  parts  in  Tanioata,  are  apt  to  mislead  the 
student,  unless  he  has  had  a  very  thorough  zoological  training. 
So  also  would  some  of  the  definitions  of  the  claJsses  and  orders 
of  the  Mollusoa. 

Studying  a  work  of  this  description  cue  cannot  help  wondering 
whether  specialists  in  different  groups  will  ever  oome  to  any 
agreement  as  to  the  differences  which  constitute  species,  genera, 
and  families,  and  in  this  connection  we  think  that  the  student  who 
voluntarily  takes  up  the  study  of  the  fossil  Cephalopoda  will  be 
a  bold  man  indeed. 

We  must  congratulate  Dr.  Eastman  and  his  collaborators  on  the 
excellent  results  which  have  attended  their  efforts,  and  we  think 
that.  Profesdor  von  Zittel  was  wise  in  allowing  his  work  to  be 
expanded  and  altered  to  its  present  form,  which  Messra.  Maomillan 
have  put  before  us  in  such  excellent  condition.  All  English- 
speaking  students  of  Palaeontology  will  rejoice  at  its  appearance. 


III. — A  Treatise  on  Zoology.  Edited  by  E.  Rat  Lankest^il 
Part  III:  The  Echinoderma.  By  F.  A.  Bathbb,  M.A.,  assisted 
by  J.  W.  Qbbgoby,  D.Sc.,  and  E.  8.  Goodbioh,  M.A.  pp.  vi 
and  344,  with  308  figures  in  the  text.  (London  :  Adam  & 
Charles  Black,  1900.) 

AT  last  we  have  actually  before  us  the  first  instalment  of  Professor 
Lankester's  long  promised  Treatise  on  Zoology.  It  is  some- 
what unfortunate  that  the  appearance  of  this  part  has  been  so  long 
delayed  (for  we  notice  that  the  MS.  of  some  parts  of  the  work  were 
opmpleted  rather  more  than  three  years  ago),  since,  as  we  all  know, 
soological  text-books  have  a  way  of  getting  out  of  date  very  rapidly, 
owing  to  the  enormous  amount  of  work  which  is  being  done  ail 
u)ver  the  world. 

Professor  Lankester  promises  us  nine  more  parts  of  this  work, 
which  are  to  be  written  as  far  as  possible  by  graduates  of  Oxford 
University.  We  only  hope  that  these  parts  will  make  a  fairly  early 
appearance,  since,  judging  from  the  present  part,  they  should  be  of 
immense  service  both  to  the  palssontologist  and  to  the  student 
of  living  forms. 

The  present  work  deals  with  the  Echinoderma,  and  since  the 
greater  part  of  it  is  written  by  two  palseontologists  it  will  probably 
appeal  more  strongly  to  the  readers  of  this  Magazine  than  some 
of  the  parts  which  have  yet  to  appear.  The  ordinary  zoologists 
will  be  apt  to  consider  that  the  palsdontological  side  is  perhaps 
^  little  overdone ;  but  when  we  remember  that  the  phylum  Echino- 
derma includes  the  Pelmatozoa,  three  classes  of  which  are  extinct, 
and  the  remaining  class,  the  Grinoidea,  consists  mainly  of  fossil 
forms,  the  preponderance  of  the  palseontological  aspect  becomes  at 
once  accounted  for.    This  group  occupies  179  pages  and  is  the  main 
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fetttere  of  th«  book;  ooning  m  it  does  from  tbe  pen  of  Mr.  F.  A. 
Bather,  who  has  made  such  a  speoial  study  of  the  group,  it  will 
form  a  okssioal  work  of  referenoe  for  all  students  of  the  Pelmatoioa, 
«Dd  will  form  an  interesting  oompanion  to  the  shorter  aooount  of 
this  group  revised  by  Mr.  Waohsmnth  in  Zittel's  Text-book.  We 
think,  however,  that  Mr.  Bather  might  have  dealt  a  little  more 
iully  with  the  aotual  foots  of  anatomy  in  the  general  part  (pp.  1-S7), 
and  given  us  a  few  more  figures  of  the  general  mcMrphology  of  the 
Eehinoderma,  and  perhi^  fewer  theoretioal  diagrams. 

The  Holothurians  are  very  briefly  dealt  with  in  18  pages,  and 
somewhat  meagrely  illustrated  with  a  series  of  almost  blaokboard 
diagrams.  The  remaining  96  pages  are  devoted  to  the  Stelleroidea 
and  the  Echinoidea,  and  are  from  the  pen  of  Dr.  Gregory.  Both 
these  aooounts  seem  unduly  oompressed,  and  the  forms  are  perhaps 
dealt  with  too  much  ftrom  the  standpoint  of  the  skeleton,  as  if  ^ 
variations  in  the  soft  parts  were  oomparatively  of  little  value. 

The  whole  work  is  profusely  illustrated  with  a  large  number 
of  ezoellent  figures,  most  of  whioh  are  new.  Some,  however,  of 
those  not  acknowledged  in  the  description  are  old  ones,  and  one 
or  two  of  the  old  ones  might  well  have  been  replaced  by  fresh 
figures,  notably  fig.  iv,  p.  242,  which  is  a  very  poor  representatioti 
of  the  general  anatomy  of  a  starfish. 

Pi-ofessor  Lankester,  in  his  conception  of  this  work,  has  filled 
a  void  long  felt  in  zoological  literature,  and,  in  obtaining 
Mr.  Bather's  assistance  to  write  the  greater  part  of  the  Eehinoderma, 
he  has  exercised  a  wise  selection,  the  result  being  that  the  student 
is  furnished  with  a  most  admirable  systematic  text-book,  in  which 
he  will  find  the  characters  of  the  classes,  orders,  families,  etc.,  of 
the  Eehinoderma  dealt  with  in  a  manner  not  hitherto  attempted 
in  any  of  our  zoological  text-books.  We  can  only  hope  that  the 
succeeding  parts  will  be  of  equal  merit  and  not  too  tardy  in  their 
appearance. 

IV. — MXMOIBS    OF    THE    GEOLOGICAL    SUBVET :     ThE     GEOLOOT    OF 

Belfobd,  Holt  Island,  and  the  Fabne  Inlands,  Nobthumbeb- 
LAND.  By  William  Gunk,  F.G.S.  8vo  ;  pp.  iv,  165.  (London : 
Eyre  &  Spottiswoode,  1900.     Price  2s.  6d) 

f pHIS  Memoir  is  an  Explanation  of  the  New  Series  Geologioal 
Jl  Survey  Map,  Sheet  4  (Old  Series  110  S.E.),  and  it  contains 
aooounts  of  the  Carboniferous  Limestone  Series,  Glacial  Drifts,  and 
more  recent  deposits,  with  descriptions  also  of  the  Whin  Silly  whose 
northern  limit  is  seen  in  the  Fame  Islands.  The  chief  part  of  the 
Memoir  is  occupied  with  descriptions  of  the  Carboniferous  rocks, 
the  Tuedian  or  Cement-stone  group,  the  Fell  Sandstone,  the 
Scremerston  Coal,  and  the  Limestone  groups,  the  two  latter  con- 
taining seams  of  workable  coaL  Details  of  many  pit-sections  af» 
given,  {^d  there  are  lists  of  Carboniferous  fossils. 
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GlOLOOIOAL  SOOIBTY  OV  LOMDON. 

L^Febroary  2l8t,  1900.— J.  J.  H.  Teall,  Esq.,  M.A.,  F.B.S.^ 
Preaidenty  in  the  Chair.  The  following  commanications  were 
read: — 

1.  "The  Bonier  Pebble-Beds  of  the  Midlands  and  the  Source  of 
iheir  Materials/'  By  Professor  T.  G.  Bonney,  D.So.,  LL.D.,  F.B-S.,. 
F.G.8. 

The  author  states  the  results  of  occasional  work  in  the  Bunfer 
Conglomerate  of  Staflfordshire.  After  a  sketch  of  matter  already 
published,  he  gives  additional  particulars  of  the  lithology  of  the 
pebbles,  more  especially  of  the  felstones  and  of  some  rather  compact 
dark  rocks.  Of  the  former  he  has  now  obtained  about  thirty 
Tarieties :  ortboclase-felsites  and  porphyrites,  some  with,  othen^ 
without  quartz  ;  several  contain  tourmaline,  which  sometimes 
has  replaced  biotite,  sometimes  felspar.  One  pebble  exhibiting 
reddish  spherulites  in  a  dark  matrix,  once  douMles§  glassy,  but 
now  devitrified,  is  not  like  any  British  rock  known  to  the  author. 
Of  the  dark  pebbles,  some  are  fine-grained  quartzites  blackened 
with  opacite ;  others,  varieties  of  <  schorl-rock ' ;  and  two,  (which 
Dr.  G.  J.  Hinde  has  kindly  examined)  are  radiolarian  cherts, 
which,  however,  cannot  be  more  precisely  identified. 

The  mode  of  transport  and  source  of  the  pebbles  are  next 
considered.  The  reasons,  already  published,  for  a  fluviatile,  as 
opposed  to  a  marine,  origin  are  briefiy  summarized.  If  the  former 
t)e  accepted,  certain  conditions  must  be  satisfied,  which  bear  directly 
on  the  position  of  the  source.  These  beds  represent  the  destruction 
of  large  masses  of  rock.  If  brought  by  rivers,  those  must  hare 
been  important  and  powerful,  of  a  continental  rather  than  an 
insalar  type.  Hence  the  necessary  physical  conditions  exclude 
limited  districts  near  the  Midlands,  such  as  the  Wrekin,  Lickey, 
Hart^hilly  and  Cham  wood,  even  if  they  included  (which  is  not  the 
case)  the  right  types  of  rock.  As  regards  the  Ix>ngmynds,  thotr 
argiliites,  if  they  occur,  are  not  oommon;  their  conglomeratea  do 
not  exactly  resemble  the  Bunter  pebble-beds ;  their  *  Torridonian ' 
is  a  quartz-rhyolite  rather  than  a  quartz-felspar  grit.  The  rooka 
required  cannot  be  supplied  from  either  Wales,  the  Lake  District, 
or  the  Pennine  range,  and  we  have  no  reason  to  suppose  them 
concealed  under  Eastern  and  South- Eastern  England.  We  have 
therefore  to  choose  between  a  southern  and  a  northern  source. 
Cornwall  and  Devon  might  perhaps  furnish  the  schorl  -  rocks ; 
possibly  also  one  or  two  varieties  of  felstone  (though  this  is  doubt- 
ful) and  the  right  quartzites  and  quartz-felspar  grits  occur  in  the 
Budleigh  Salterton  pebble-bed.  But  the  characteristic  flat  ellipsoidal 
pebbles  of  grit,  dominant  here,  are  not  found  in  the  Midlands. 
Physical  conditions  also  seem  opposed  to  a  northward  flow  of  the 
rivers  of  Britain  in  the  earlier  part  of  the  Trias.  In  Scotland, 
however,  we  find  the  right  Tarieties  of  quartzite,  the  Torridonian 
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grit,  and  many  felstones,  some  apparently  identioal  with,  others 
closely  related  to,  those  in  the  Midlands.  The  rarity  of  tourmaline 
rocks  in  that  region  is  the  only  difficulty  in  looking  to  it  or  its 
vicinity  for  the  main  source  of  these  pebbles. 

2.  "  Further  Evidence  of  the  Skeleton  of  Eurycarpus  OwtniJ*'  By 
Professor  H.  G.  Seeley,  F.R.S.,  F.L.8.,  V.P.G.S. 

llie  original  specimen  from  which  this  species  was  named  was 
obtained  from  the  Sneewbers  (South  Africa)  in  1876,  and  after 
being  doubtfully  referred  to  Jhcynodon  was  desdtibed  and  figured  in 
1889.  It  was  presented  to  the  British  Museum  by  Mr.  Thomas  Biun 
through  Sir  Henry  Barkly.  The  skull  was  found  with  the  complete 
specimen,  and  a  short  memorandum  of  its  characters,  with  a  sketch 
of  thet  skeleton,  including  the  skull,  was  made  by  Mr.  T.  Bain  and 
has  been  preserved  in  the  British  Museum.  Ilnlf  of  the  counterpart 
of  the  slab  was  presented  to  the  author  by  the  Rev.  C.  Murray,  and  by 
means  Of  it  complete  casts  of  part  of  the  skeleton  have  been  obtained. 

From  Mr.  Bain's  sketch  the  author  is  able  to  give  some  account 
of  the  skull,  including  its  dimensions.  From  the  material  mentioned 
above,  he  gives  new  facts  with  regard  to  the  vertebral  column,  the  ribs, 
the  shoulder -girdle,  the  fore- limb,  the  hind -limb,  and  the  armour, 
which  was  present  upon  the  limbs  and  the  fore-part  of  the  body. 

The  locality  from  which  the  animal  was  obtained  had  already 
yielded  to  Mr.  A.  G.  Bain  Lycosaurns  pardialist  Tigrisuchus  simus, 
CynoauehuB  Buppostus,  Scalaposaurua  constrietus,  and  Dicynodon 
lemiceps.  It  would  therefore  appear  to  be  one  of  the  chief 
localities  for  the  Lycosaurian  types  of  Theriodontia  and  to  be  on 
the  horizon  of  the  2>tc^nodon-beds.  llie  recovery  of  the  missing 
half  of  the  Murray  slab,  with  the  evidence  of  the  skull  and  pelvis 
which  it  would  give,  is  to  be  desired  in  completion  of  our  knowledge 
of  this  fossil  animal. 


11.— March  7,  1900. -J.  J.  H.  Teall,  Esq.,  M.A.,  F.R.S.,  President, 
in  the  Chair.    The  following  communications  were  read  : — 

1.  "Notes  on  the  Geology  of  Gilgit."  By  Lieut.-Gen.  C-  A. 
McMahon,  F.R.S.,  F.G.S. 

This  paper  is  based  on  observations  in  the  field  made  by  Oapt. 
A.  H.  McMaton.  C.S.I.,  C.I.E.,  F.G.S.,  and  Capt.  J.  R.  Roberts, 
I.M.S.,  and  on  the  petrological  examination  of  the  specimens  sent 
home  by  them.  It  is  divided  into  three  parts.  Part  I  refers  to 
the  work  of  previous  observers,  and  embodi^  a  brief  petrological 
description  of  the  four  granites  and  aplite  intrusive  in  the  sedimentary 
rocks  of  Gilgit.  Part  II  consists  of  a  topographical  account  of  the 
Gilgit  rocks  from  Askole  and  Nanga  Par  bat  on  the  south  to  the 
northern  passes  leading  into  the  Russian  Pamirs.  Part  III  recites 
the  author's  conclusions  from  the  facts  recorded  in  the  paper. 
Briefly  stated,  they  are  as  follows  : — 

That  at  one  period  in  the  elevation  of  the  Hindu  Kush  the  strata 
were  thrown  into  a  series  of  folds  and  compressed  into  a  series  of 
uniolinal  beds  with  a  vertical  dip. 

That  the  direction  of  the  main  drainage  of  the  area  was  determitied 
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before,  or  at  the  oomraenoementof,  the  last  series  of  earth-movemeiit^ 
that  cmmpled  np  the  strata. 

The  sedimentary  rocks  were  profusely  invaded  by  granite  and 
dioritOy  and  profoundly  metamorphosed  by  coutact-action. 

As  regards  the  age  of  the  rocks,  the  author  gives  his  reasons  for 
identifying  the  Gilgiti  limosbnes  with  the  conformable  Carbo-Triassio 
series  of  the  Himalaya.  This  series  was  mapped  by  Mr.  B. 
Lydekker,  P.R.S.,  in  the  neighbouring  district  of  Kashmir,  and  it 
has  been  traced  up  to  the  border  of  Gilgit.  Sir  Martin  Conway's 
specimens,  reported  on  by  Professor  Bonney  and  Miss  Baisin,  enable 
the  author  to  connect  it  with  the  limestones  of  Gilgit.  From  this 
correlation  the  author  concludes  that  the  oldest  rock  in  the  Gilgit 
area  is  of  Silurian  or  Lower  Carboniferous  age,  and  that  the  most 
recent  are  of  Triassic  or  even  later  age.  As  all  the  granites  are 
intrusive  in  the  most  recent  beds,  it  follows  that  the  granites  are 
younger  than  the  Trias.  The  author  gives  his  reasons  for  believing 
that  the  oldest  granite  was  erupted  while  the  crumpling  of  the  Gilgit 
rooks  was  in  progress ;  but  that  a  portion,  at  all  events,  of  the 
younger  granites  was  erupted  after  the  crumpling  had  taken  place. 

The  author  offers  an  hypothesis  to  explain  certain  structures 
found  in  the  Gilgit  granites,  including  the  granophyric  structure  so 
common  in  them. 

All  the  Gilgit  granites,  the  author  believes,  came  from  the  same 
igneous  reservoir,  the  dififerences  in  them  being  due  to  gradual  and 
progressive  silification  caused  by  the  gradual  crystallizing  out  of 
the  comparatively  basic  minerals ;  the  process  extending  over  a  long 
period  of  time  measured  in  years. 

2.  "  The  Rocks  of  the  South-Eastern  Coast  of  Jersey."  By  John 
Parkinson,  Esq.,  F.G.S. 

In  this  paper  the  author  has  continued  the  study  of  the  deep- 
seated  rocks  of  Jersey  begun  in  a  comnumication  presented  to  the 
Society  last  session  entitled  <*  On  an  Intrusion  of  Granite  into 
Diabase  at  Sorel  Point  (Northern  Jersey)."  A  great  resemblance 
exists  between  these  rocks  in  the  north  and  south  of  the  island, 
and  it  is  concluded  that  they  represent  parts  of  the  same  magma ; 
but  in  the  south-east  additional  complications  arise,  owing  to  the 
intrusion  of  another  rock  before  the  invasion  of  the  granite.  For 
convenience  of  study  the  district  under  discussion  is  divided  into 
two  parts,  an  eastern  and  a  western,  separated  the  one  from  the 
other  by  the  western  termination  of  the  Gr^ve  d'Azette.  In  the 
eastern  district  the  gri^ite  and  the  intrusive  rock  which  preceded  it 
are  found ;  in  the  western  a  rather  different  rock  invades  the  diabase. 
The  latter  is  correlated  with  the  aplite  intrusion  of  the  northern  coast. 
Taking  first  the  earlier  intrusion  found  at  Le  Nez  Point,  it  is 
shown  that  it  consists  of  a  rock  more  acid  than  a  diorite,  but  on 
the  whole  more  basic  than  the  granite  which  followed  it  Micro- 
scopical examination  indicates  that  it  was  poor  in  ferro-magnesian 
minerals,  and  that  quartz  and  orthoclase,  though  present,  are  not 
found  in  the  proportion  which  characterizes  the  granite.  This 
rock,  the  exact  composition  of  which  it  is  not  easy  to  discover,  has 
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inTsded  the  dUbaae,  as  well  at  a  dioriHo  rook  attoolaled  with  it, 
streaking  and  veining  them.  Mixing  took  place  aa  a  result  of  suoh 
intruaion,  producing  a  oompoaite  rock  characterised  by  elongated 
hornblendes  which  occasionally  attain  a  considerable  size.  Mioa  is 
HwnspicaoQsly  absent 

The  intmsion  of  the  granite  following  this  is  next  described. 
Here,  as  on  the  northern  coast,  local  absorption  of  the  older  rook 
bas  taken  place.  The  resemblance  between  the  mixed  rocks  is 
•commented  upon,  and  a  parallel  drawn  between  the  basic  and  add 
looks  of  Jersey  and  the  eastern  and  northern  coasts  of  Onemsey. 

Passing  tp  the  western  district,  the  aplite  of  St  Elisabetii's 
Oastle  is  described,  together  with  the  melting  and  absorption  which 
baye  taken  place  as  a  consequence  of  this  intrusion.  Field  evidence 
indicates  that  this  is  later  than  any  intrusion  found  in  the  eastern 
district,  though  the  difference  in  age  is  probably  but  slight;  thus 
it  bears  out  the  results  of  work  on  the  northern  coast,  where 
the  intrusion  of  an  aplite  was  found  to  have  followed  that  of 
«  porphyritic  gpranite.  Seasons  are  given  in  the  body  of  the 
;paper  for  believing  that  successive  intrusions  cannot  be  separated 
the  one  from  the  other  by  hard-and-fast  lines.  Finally,  it  is 
•taggested  that  the  various  rooks  considered  are  closely  related,  and 
indeed  form  parts  of  one  magma,  the  successive  injections  of  which 
iMoame  progressively  more  add. 

3.  "The  Rooks  of  La  Saline  (Northern  Jersey)."  By  John 
Parkinson,  Esq.,  F.G.S. 

The  rooks  of  La  Saline  closely  resemble  those  of  Sorel  Point, 
tabout  a  mile  to  the  west.  A  coarse  porphyritic  granite  is  found 
in  the  upper  part  of  the  cliff  which  passes  rapidly  into  an  equally 
<x)arse  but  redder  rook,  approaching  an  aplite  m  composition.  Hie 
latter  occasionally  contains  mica  in  some  quantity,  and  evidence 
is  given  for  concluding  that  this  mineral  has  been  produced  by 
the  combination  of  the  constituents  of  the  augite  of  a  dolerite, 
through  which  the  acid  magma  forced  its  way,  and  the  fel^mthic 
parts  of  the  magma  itself.  This  evidence  is  based  (i)  on  the  fact 
that  in  one  part  of  the  Bay  a  few  outcrops  of  rock  are  found 
identical  with  others  from  Sorel  Point,  which  have  been  dearly 
formed  by  the  absorption  of  fragments  of  diabase  (dolerite)  by  an 
4toid  magma  ;  (ii)  on  the  presence  of  fragment-like  patches  rich 
in  mica  in  the  aplite  itself;  (iii)  by  the  irregular  distribution  of  this 
mineral  through  the  add  rook.  A  peculiar  quarts-less  rook  is  next 
described  containing  large  orthodases,  plagiodase,  and  chlorite: 
it  is  ooududed  that  the  last-named  mineral  is  derived  from  mica. 
With  some  hesitation  the  structure  of  this  rook  is  explained  by 
supposing  that  the  intruding  magma  melted  a  mass  of  dolerite, 
completely  dissolved  the  felspar,  and  produced  mica  in  the  manner 
indicated  above  ;  and  that  as  freedom  of  movement  was  not  greatly 
restricted,  segregation  of  the  basic  elements  followed,  enclosing 
among  them  numerous  porphyritic  orthodases.  Some  movement 
•of  the  whole  then  appears  to  have  taken  plaoe. 
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FTSnOCONUS  MIRU8,  HINDB. 

SiB,*— liMt  Spring  Mr.  TTpfield  Oreen  allowed  me  to  b6«  the  fossili 
to  which  he  afterwards  gaye  the  name  NereitopeU  Comuhieue  in  the 
TrMia.  Boj.  G^l.  Soa  Oomwall,  toL  xii,  p.  227,  regarding  them  m 
Annelids.  While  studying  them»  point  after  point  came  ont  which 
forced  me  to  the  conclusion  that  they  belonged  either  to  Orihoeerae 
or  to  a  closely  allied  genus.  The  surface  omameot,  the  contour, 
the  Sfljpta,  and  other  details  seemed  thus,  and  only  thus,  explicable. 
The  chief  perplexity  was  that,  while  the  othet  parts  were  crushed 
and  partially  obliterated,  the  siphunde  remained  rigid;  but  th# 
consideration  of  Aetinoeerae,  and  still  more  Huronia,  seemed  almost 
to  dear  this  away,  and  I  felt  able  to  tell  Mr.  Ghreen  that  they  were 
in  my  opinicm  certainly  Cephalopoda. 

With  these  fossils,  or  some  of  them.  Dr.  Hinde  identifies  those 
collected  by  Mr.  Howard  Fox  at  Bedruthan,  to  which  he  has  giyen 
the  name  Pierocanue  mirus  on  p.  149  of  the  present  volume  of 
the  GnoLOGiOAL  Maoazimb,  regarding  them  as  Hyolithidn.  These 
fossils  he  has  very  kindly  shown  to  me,  and  with  the  identity 
of  three  of  the  specimens  (his  figs.  2,  3,  4)  I  agree,  though  still 
Tenturing,  in  spite  of  such  weighty  autlM)rities  as  Dr.  Hinde  and 
Mr.  Crick,  to  believe  that  I  see  in  them  Cephalopoda.  The  fossil 
represented  by  his  fig.  1,  I  confess  that  in  my  hurried  examination 
of  it  I  could  not  fully  decipher ;  nor  did  I  feel  quite  certain  that 
it  was  the  same  as  the  rest ;  but  at  the  same  time  some  Devonian 
Orthoowata  which  I  have  seen  did  appear  as  if  they  might  go  some 
way  toward  explaining  it. 

rossils  in  such  an  extremely  obscure  state  of  preservation  may, 
I  think,  allow  of  a  different  interpretation  without  disrespect  to  the 
authority  of  my  valued  friends ;  and,  indeed,  I  think  that  my 
difference  of  view  is  mainly  due  to  my  regarding  them  as  masked 
and  distorted  by  the  processes  of  fossilization  to  a  very  much  greater 
extent  than  they  appear  to  consider.  O.  F.  Whidbobns, 

FOSSILS  IN  DEVONIAN  ROCKS  OF  NORTH  CORNWALL. 
Snt, — The  fossils  figured  by  Mr.  Oreen  in  the  Transactions  of 
the  Geological  Society  of  Cornwall  under  the  name  of  Nereitopsis 
Oomubietti  being  very  interesting  ones,  their  further  illustration  and 
description  in  the  more  widely  circulating  Gbolooioal  Maoazinb 
is  a  matter  of  congratulation.  But  is  the  renaming  of  them  quite 
in  accordance  with  accepted  rules  of  nomenclature  ?  Dr.  Hinde  in 
his  paper '  mentions  the  fact  that  Mr.  Oreen  did  not  fully  describe 
it ;  but  many  accepted  names  rest  on  figures  alone.  He  also  states 
that  as,  in  bis  opinion,  the  fossils  could  not  **  in  any  way  resemble 
any  species  of  Nereis,**  the  name  is  **  misleading  and  should  be 
changed."  But  has  not  the  author  of  a  genus  the  right  to  express 
in  the  name  what  the  form  reminds  him  of,  even  if  the  resemblance 
be  fancifnl  ? — e.g.  Ophiopsis,  Fileopsts,  Galeopsts.  And  would  not 
the  new  name  proposed  (Pteroeonus)  be  open  to  the  same  objection, 
»  Geol.  Mao.,  Dec.  IV,  Vol.  VII,  p.  149. 
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the  first  half  comparing  the  ''  flap-  or  fin-like  extensions  "  to  a  wing, 
which  is  not  a  serial  organ,  and  the  second  half  suggesting 
a  relationship  to  a  genus  of  shells?  As  to  the  specific  name, 
Mr.  Green  gave  the  name  Cornubieus  to  his  specimens  as  a  group, 
regarding  them  as  specifically  one;  but  if  they  are  to  be  divided, 
then  his  statement  that  a  certain  specimen  *'  differs  from  the  othera*' 
indicates  that  the  "  others  "  are  regarded  as  the  type.  As  Dr.  Hinde 
says  he  is  *'  undecided  "  whether  his  specimens  are  different  from 
these  others,  it  follows  that  the  statement  sp.  nov,  after  the  name*^ 
he  gives  is  quite  unproved.  I  would  also  point  out,  what  cannot 
have  struck  Dr.  Hmde,  that  the  name  tnirus  implies  that  the 
specimens  so  named  are  the  first  discovered.  One  is  not  astonished 
at  further  examples  of  a  known  form,  however  wonderful,  turning 
up,  and  Mr.  Green  showed  his  specimens  to  his  friends,  Cornish  and 
others,  and  recognized  examples  in  the  Penzance  Museum  before  the 
beginning  of  last  year,  when  Mr.  Fox's  specimens  were  found. 
In  justice,  therefore,  to  Mr.  Green  the  new  name  ought  to  be  relegated 
in  toto  to  the  synonymy. 

As  to  the  nature  of  the  organisms  represented,  there  will  probably  ' 

continue  to  be  a  difference  of  opinion.      The  use  of  the  word  i 

'  shell '  in  Dr.  Hinders  description    is   an    assumption,   as   it  is  j 

admitted   that   nothing    now  remains    but    ''some   compound  of  j 

iron,**  which    may  be    derived,    as    in    the    case  of    the    chalk  \ 

Ventriculites,  from  other  things  than  shells.     The  irregularity  of  the  ' 

outline  indicates  rather  a  soft-bodied  animal.     The  downward  bend  i 

of  the  flaps  in  one  specimen,  their  upward  bend  in  another,  and 
the  straight  direction  of  their  bases  in  a  third  indicate  that  they 
were  flexible.  Dr.  Hinde  seems  to  think  that  downward -bending 
flaps  on  both  sides  might  appear  as  upward-bending  if  the  fossil 
were  turned  round  on  its  median  axis,  but  this  is  impossible.  He 
also  states  that  we  cannot  tell  whether  the  dorsal  and  ventral  sides 
are  alike  or  not ;  but  as  in  one  specimen  each  later  flap  ''  dips  slightly 
under  **  the  next  preceding,  we  can  tell  that  we  are  looking  at  the 
opposite  side  in  any  other  specimen  if,  as  appears  to  be  Uie  case 
in  his  second  figure,  the  later  flap  lies  slightly  over  the  next 
preceding.  The  supposed  rod  may  very  well  be  the  remains  of 
the  intestine  filled  with  matrix,  or  mere  folds  in  the  shrunken 
integument.  In  Mr.  Green's  specimens  the  bases  of  the  flaps  are 
somewhat  swollen,  and  the  distal  lines  are  slightly  radial  rather 
than  absolutely  parallel. 

If,  then,  we  figure  a  soft-bodied  animal,  lineally  elongated,  with 
a  series  of  flexible  organs  on  each  side  consisting  of  oblique  flaps 
ending  distally  in  slightly  radiating  prolongations,  the  description 
fits  so  well  with  that  of  a  polycbsetal  annelid,  as  exhibited  by  many 
larvae  and  by  the  adult  of  Aphrodite,  and  so  ill  with  that  of  any  other 
known  group  of  organisms,  that  this  interpretation  of  the  fossila 
seems  the  most  reasonable,  especially  as  we  have  reason  to  believe 
that  this  group  was  well  established  before  the  Devonian  period. 

J.  F.  Blake. 

Erratum.— On  p.  147,  line  19,  for  *'  adunate  **  read  **  inadunate.** 
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L — Bala  Lake  and  ths  Biyer  System  of  North  Wales. 

By  Philip  Lake,  M.A.,  F.G.S. 

(With  a  folding  Map,  PLATE  XI.) 

(CimeUUUdfrom  the  May  Number,  p.  215.) 

WaterBheds  in  other  Valley$, 

IN  North  Wales  there  are  several  valleys  whioh  run  parallel 
or  nearly  parallel  to  the  valley  of  the  Bala  fault,  and,  like  it, 
are  <3ro88ed  by  watersheds  which  are  quite  inooospicuous.  One  of 
these  watersheds  separates  the  head  of  Gwm  Prysor  from  the  souroe 
of  Afon  Tryweryn  ;  a  seoond  parts  the  springs  of  the  Conway 
from  those  of  Afon  Dwyryd  ;  and  a  third  divides  the  waters  of 
Nant  Ffranoon  from  those  of  Afon  Llugwy  (a  tributary  of  the 
Conway).    (PI.  XL) 

In  the  first  two  oases  the  valleys  are  not  deep,  but  they  are 
sufficiently  defined  to  form  the  lines  chosen  for  the  railway  from 
Bala  to  Ffestiniog,  and  for  the  road  from  Ffestiniog  to  Denbigh ; 
and  in  the  third  case,  the  valley  is  at  least  as  striking  as  Uiat  of 
the  Bala  fault,  and  the  watershed  is  even  less  oonspicuons  than 
that  at  Pant-gwyn. 

All  these  watersheds  lie  upon  one  straight  line— a  line  drawn 
from  Pant-gwyn  to  a  point  1,200  yards  east  of  Llyn  Ogwen.  This 
may,  indeed,  be  a  mere  coincidence,  but  the  coincidence  is  remarkably 
dose,  and  it  seems  more  probable  that  the  positions  of  the  watersheds 
have  been  determined  by  some  general  cause. 

It  can  scarcely  be  supposed  that  ever  since  the  formation  of 
these  valleys  (which  are  certainly  pre-Glaoial)  the  whole  of  Wales 
has  remained  absolutely  fixed  and  immovable.  And  if  the  region 
has  moved  at  all,  there  is  little  difficulty  in  supposing  that  the 
motion  was  not  uniform  throughout.  A  verv  slight  di£ferential 
movement,  even  now,  would  be  sufficient  to  alter  the  positions  of 
these  watersheds;  and  it  is  quite  possible,  therefore,  that  their 
present  positions  have  been  fixed  by  former  movements. 

It  may  be  remarked  that  this  straight  line  crosses  two  other 
important  valleys  in  which  it  does  not  coincide  with  the  watersheds 
— the  valley  of  Afon  Lledr  and  Nant-y-gwryd.  But  this  is  easily 
explained  if  we  suppose  that  the  heads  of  these  valleys  stood  too 
high  to  be  affected  by  the  differential  movements.     Moreover,  in 
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each  case  there  is  some  evidenoe  that  near  to  the  spot  where  the 
line  crosses,  the  rocky  floor  is  higher  than  it  is  farther  up  the 
▼alley. 

In  the  valley  of  Afon  Lledr  the  line  crosses  a  little  way  below 
Eoman  Bridge  station.  Above,  the  river  flows  through  an  alluvial 
flat:  here,  rooky  spurs  run  down  to  the  stream,  and  the  stream 
itself  flows  over  rock  in  siiiL 

Nant-y-gwryd  is  crossed  near  Dyffryn  Mymbyr,  The  stream 
flows  over  a  drift-covered  flat ;  but  at  this  point  a  line  of  rocky 
knolls  rises  through  the  drift. 

These,  then,  are  perhaps  attempts  at  watersheds,  frustrated  by 
the  fact  that  the  heads  of  the  valleys  lay  at  a  higher  level.  I  am 
not,  however,  disposed  to  attach  much  importance  to  these  unfinished 
watersheds,  until  the  ground  has  been  more  closely  examined.  The 
evidence  is  somewhat  doubtful,  and  near  Boman  Bridge  it  is  possible 
that  the  river  has  forsaken  its  ancient  channel. 

Development  of  the  Biver  System  of  North  Wales. 

Among  the  most  striking  features  in  the  topography  of  North 
Wales  are  the  long  deep  valleys  which  run  from  north-east  to 
south-west,  and  which,  where  they  enter  the  sea,  form  the  wide 
estuaries  of  the  Mawddach,  Dyfi,  etc.  Many  of  these  valleys  are 
dry  for  a  considerable  part  of  their  course,  or  are  occupied  only 
by  little  streamlets  out  of  all  proportion  to  their  own  size.  They 
are  crossed  by  the  principal  watersheds  of  the  district,  and  even 
at  these  points  the  floors  of  the  valleys  are  comparatively  low. 
They  are  not  perfectly  straight,  but  generally  form  curves  of  long 
radius,  the  convexity  of  which  faces  the  south-east.     (PL  XI.) 

Sometimes,  at  least,  the  valleys  coincide  with  lines  of  fault ; 
.and  in  one  case,  as  I  have  shown,  two  faults  form  a  trough  for 
a  certain  distance,  and  the  floor  of  the  valley  coincides  with  the 
bottom  of  the  trough. 

My  examination  of  the  region  not  being  by  any  means  complete, 
I  do  not  attempt  upon  the  accompanying  map  to  trace  these  valleys 
Continuously  across  the  district ;  but  have  merely  indicated  by 
heavy  broken  lines  the  principal  streams,  or  portions  of  streams, 
flowing  in  valleys  which  I  believe  to  belong  to  this  N.E.-S.W. 
system.  The  continuity  of  the  valleys  is  nevertheless  sufficiently 
evident,  although  not  quite  so  clear  as  it  is  in  the  field. 

Among  the  most  important  of  these  valleys,  or — to  make  less 
of  an  assumption — of  these  lines  of  valleys,  are  the  following : — 

1.  The  Menai  Straits. 

2.  The  estuary  Traeth-baoh,  Afon  Dwyryd,  Cwm-tegwel,  Afon 
Machno. 

3.  Mawddach  estuary,  Afon  Wnion,  Afon  Dyfrdwy  below  Pant- 
gwyn,  Bala  Lake,  Afon  Meloch,  River  Alwen  from  Maerdy  to 
Bettws  Gwerfil  Qooh,  and  possibly  a  part  of  the  Clwyd. 

The  Mawddach  estuary  is  not  in  a  line  with  the  general  direction 
of  the  Wnion.  A  valley  in  more  direct  continuation  of  the  latter  is 
that  in  which  lies  the  high  road  from  Dolgelly  to  Towyn. 


Digiti 


zed  by  Google 


Philip  Lake-'^Bala  Lake  and  River  System.  243 

4.  Valley  of  Tal-y-llyn  and  the  Towyn  Eailway.  Nearly  in 
line  with  this,  bnt  apparently  qaite  disoonneoted,  is  the  Valley 
of  the  Dee  between  Llandderfel  and  Corwen,  and  the  valley  of 
Nant  Morwynion. 

5.  Afon  Dyfi  up  to^Cemmaes,  and  perhaps  to  the  source  of  the 
river. 

6.  Biver  Banw  from  Llanfair  to  its  junction  with  the  Vymwy ; 
then  the  Vymwy  to  its  junction  with  the  Tanat.  The  rivers  Oeiriog 
and  Dee  below  Chirk  perhaps  belong  to  this  valley. 

7.  Biver  Severn  from  Llanidloes  to  its  junction  with  the  Tanat 
Among  the  smaller  valleys  belonging  to  this  system  are  (a)  Owm 

Prysor  and  Afon  Try  weryn  above  its  junction  with  Afon  Gelyn,  and 
(h)  a  small  part  of  the  Vyrnwy  below  the  Liverpool  Waterworks, 
Biver  Marchnant,  Biver  Ceiriog  from  Llanarmon  Dyffryn  Geiriog 
to  Llansantffraid  Glyn  Ceiriog.  Other  shorter  valleys  of  similar 
character  and  direction  undoubtedly  exist,  but  these  I  have  made 
BO  attempt  to  indicate. 

A  closer  examination  would  certainly  reveal  more  clearly  the 
oonnection  and  continuations  of  some  of  these  valleys :  but  enough 
is  shown  upon  the  map  to  prove  that  some  at  least  of  these  lines 
of  valleys  are  continued,  with  little  or  no  interruption,  for  great 
distances. 

That  these  valleys  have  exercised  a  profound  influence  upon  the 
drainage  of  the  country  is  quite  clear,  and  most  of  the  principal 
rivers  lie  in  them.  They  cut  up  the  country,  more  or  less 
oompletely,  into  parallel  strips ;  and  the  drainage  of  each  strip 
is  intercepted  by  one  or  other  of  these  parallel  valleys.  In  the 
most  northerly  strip,  between  the  Menai  Straits  and  Traeth-baoh, 
most  of  the  streams  flow  northwards.  But  in  the  others  the 
greater  part  of  the  drainage  of  each  strip  falls  into  the  valley  lying 
south  of  it ;  while  the  streams  which  run  northward  are  generally 
flmall  and  unimportant 

For  instance,  entering  the  valley  of  the  Bala  fault  from  the  north, 
we  have  Afon  Eden,  Afon  Lliw,  Afon  Llafar,  Afon  Try  weryn,  the 
•Ceirw,  and  the  Alwen ;  while  from  the  south,  the  most  important 
is  Afon  Twrch  in  Cwm  Cynllwyd. 

The  question  then  arises,  was  the  drainage  of  each  strip  estab- 
lished independently,  after  the  formation  of  the  long  valleys;  or 
was  the  drainage  established  first,  and  the  long  valleys  formed 
afterwards?  In  the  former  case  there  would,  presumably,  be  no 
connection  between  the  streams  of  adjacent  strips ;  in  the  latter, 
we  should  expect  the  more  important  streams  of  one  strip  to  have 
their  representatives  in  the  next 

Beginning  with  the  streams  which  flow  into  the  valley  of  the 
Bala  fault  from  the  north,  we  have  first  Afon  Eden,  with  its 
tributary  Afon  Mawddach.^  This  important  river  runs  southward 
till  it  enters  the  Mawddach  estuary  at  Llanelltyd,  where  it  turns 
suddenly  almost  at  right  angles.     But  if  we  continue  the  line  of 

*  After  the  junction  of  these  two  the  river  is  called  the  Mawddach.  But  the 
Eden  is  clearly  the  principal  branch,  inasmuch  as  it  maintains  its  direction  unchanged. 
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tbe  Eden  aoioss  the  vaU^  and  orer  the  opposite  hillti  it  leads  a» 
into  Afou  Dalas.  The  Dulas  maintains  the  same  direoUon  until 
it  enters  the  yallej  of  the  Dyfi,  where  it  also  is  deflected  to  the 
right  If  we  neglect  this  deyiation  and  proceed  in  the  same  line, 
we  come  again  upon  another  stream  flowing  in  the  same  direction, 
namely,  Afon  BheidoL  This  river  runs  southward  as  far  as  DevH'e 
Bridge,  where  it  in  turn  is  suddenly  deflected  at  right  imgles,  so 
as,  to  enter  the  sea  at  Abenrstwith.  But  our  line  is  continued  still 
further  by  the  upper  part  oi  the  Ystwy th  and  the  valley  of  the  Teifi. 
So  exactly  are  all  these  rivers — the  Eden,  Afon  Dulas,  the  upper 
parts  of  Afon  Eheidol,  and  of  the  Ystwyth  and  the  Teifi — in  the 
aame  line,^  that  the  vallevs  to  which  they  belong  seem  all  to  be 

Eftions  of  one  great  valley,  the  head  of  which  probably  lay  aa 
r  north  as  Blc^nau  Ffestiniog.  This  valley,  according  to  my 
Tiews,  was  subsequently  broken  up  by  the  formation  of  the  transverse 
villeys  belonging  to  the  N.E.-S.W.  system* 

Similarly,  on  the  south-east  side  of  the  Bala  fault,  we  find  the 
continuations  of  Afon  Lliw  and  Afon  Llafar  in  the  river  which  is 
now  called  the  Yymwy ;  of  Afon  Tryweryn  in  the  Biver  Tanat ; 
of  the  Ceirw  (probably)  in  the  Ceiriog ;  and  of  the  Alwen,  in  the 
Pee  below  Gorwen. 

Another  important  stream  south  of  the  Bala  fault  is  the  Banw,. 
and  possibly  the  original  head-waters  of  this  are  represented  by 
the  upper  part  of  the  Dyfrdwy. 

The  Banw,  the  Yymwy,  and  the  Tanat,  all  enter  the  sixth  of 
the  N.E.-S.W.  valleys  given  in  the  list  on  a  previous  page.  The 
Banw  and  the  Yyrnwy  are  deflected  and  flow  along  this  valley ; 
but  the  Tanat  maintains  its  original  course  and  even  crosses  the 
next  transverse  valley.  The  original  continuation  of  the  Banw 
is  probably  to  be  looked  for  in  the  lower  part  of  Afon  Bhiw  and^ 
across  the  Severn,  in  the  Onny  Biver. 

If  we  assume  Uiat  the  Eden,  Lliw,  eta,  were  the  upper  portions 
of  the  valleys  which  I  have  endeavoured  to  trace,  we  must  conclude 
that  before  the  transverse  valleys  were  formed — those  which  now 
run  from  north-east  to  south-west — a  radiating  system  of  drainage 
was  established,  the  centre  of  which  lay  in  the  high  ground  at  and 
near  the  present  source  of  the  Conway.^ 

This  appears  also  to  be  the  centre  from  which  radiate  the  principal 

^  It  will  be  noticed  that  this  line  is  almost  exactly  parallel  to  the  general  trend  of 
the  ooast  of  Cardigan  fiay^  a  fact  which  seems  to  pomt  to  some  community  of  origin. 

*  If  tiie  radial  valleys  existed  before  the  formation  of  the  transrerse  valleys,  we 
might  expect  that  where  the  lines  joining  the  remnants  of  the  radial  valleys  cross 
the  intervening  ridges,  there  should  be  a  col  or  depression ;  and  this  is,  indeed, 
very  commonly  the  case.  Moreover,  opposite  each  important  stream  where  it  enters 
a  transverse  valley,  there  is  generally  a  little  valle]^  running  down  from  the  col  and 
entering  the  transverse  valley  on  the  opposite  side.  For  example,  opposite  the 
point  where  Afon  Lliw  enters  the  valley  of  the  Bala  fault,  a  valley  runs  in  from 
the  col  called  Bwlch-y-pawl,  which  is  situated  at  the  head  of  the  Iliver  Yymwy. 
Opposite  Afon  Trywenm  is  the  valley  of  the  Himant,  and  from  this  we  pass  across- 
a  col  into  the  head  of  Afon  Tanat.  Similarly,  in  the  line  of  the  Ceirw  we  find 
Afon  Trystion  entering  the  valley  of  the  Dee  m>m  the  opposite  side  ;  and  from  the- 
head  of  Afon  Trystion  a  decided  depression  leads  us  to  the  head  of  the  Ceiiiog. 
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tribataries  of  the  Clwyd;  the  Conway  itself;  and  the  riyers  of 
Snowdonia,  which  oooupy  Nant  Ffranoon,  the  Vale  of  Llanberis,  and 
the  valley  of  Llyn  Cwellyn.  I  am  not,  however,  in  a  position  to 
discuss  this  question  more  fully,  nor  am  I  prepared  to  assert  tluit 
all  these  streams  belong  to  the  same  radial  system. 

There  is  certainly  one  important  river  which  seems  to  be  ezoeptionaly 
namely,  the  river  which  flows  through  the  pass  of  Aberglaslyn. 

But  the  broad  outlines  of  the  river  history  of  North  Wales  seem 
to  be  dear.  A  radial  system  of  drainage  was  established ;  and 
subsequently  a  series  of  transverse  valleys  was  formed,  which  broke 
up  the  radial  system  into  sections,  and  each  of  the  main  transverse 
valleys  carries  away  the  drainage  of  one  or  other  of  these  sections. 

The  transverse  valleys  were,  I  believe,  formed  by  faults,  with 
an  upheaval  on  one  side;  but  further  investigation  is  needed  to 
elucidate  this  point.  One  of  the  faults  appears  to  have  assumed  for 
some  distance  the  character  of  a  trough,  with  the  consequent 
formation  of  a  lake,  which  is  now  Bala  Lake ;  and  it  seems  that  the 
development  of  this  trough  was  subsequent  to  the  original  formation 
of  the  valley. 

If  it  were  not  for  these  transverse  valleys,  the  drainage  system 
of  North  Wales  would  be  very  similar  to  that  of  the  Lake  District, 
and  the  Yale  of  Clwyd  would  be  the  analogue  of  the  Yale  of  Eden 
in  Cumberland. 

Summary. 

Tn  the  foregoing  pages  I  have  endeavoured  to  throw  some  light 
upon  the  formation  of  Bala  Lake  and  to  sketch  the  development 
of  the  present  somewhat  complicated  river  system  of  North  Wales. 
The  explanation  suggested  is  simple  and  fairly  consistent ;  but  it 
Is  still,  in  many  respects,  hypothetical.  This  is  especially  the  case, 
perhaps,  with  regard  to  the  share  attributed  to  the  faults,  in  the 
production  of  the  present  topography  of  the  country.  On  this  and 
many  other  points,  further  research  is  certainly  necessary.  Yet 
from  the  evidence  adduced,  it  seems  that  the  following  conclusions 
may,  with  some  probability,  be  drawn  : — 

1.  Bala  Lake  belongs  to  the  same  valley  as  the  River  Wnion ;  and 
the  drainage  of  this  valley  formerly  flowed  into  the  sea  near  Barmouth. 

2.  Bala  Lake  and  the  rest  of  the  valley  as  far  to  the  south-west 
as  Pant-gwyn  lie  in  a  trough  between  two  faults,  modified  by  other 
faults  crossing  the  trough  obliquely. 

3.  The  position  of  the  watershed  in  this  and  in  several  other 
similar  valleys  has  been  determined  by  earth-movements. 

4u  The  original  drainage  system  of  North  Wales  was  a  radial 
system,  the  centre  of  which  lay  in  the  high  ground  around  the 
sources  of  the  Conway.  Subsequently  a  series  of  transverse  valleys 
was  formed  which  divided  the  radial  system  into  sections,  and 
«aoh  of  the  principal  trausverse  valleys  now  carries  away  the 
drainage  of  one  of  these  sections.  Bala  Lake  was  formed  in  one 
of  the  transverse  valleys,  probably  not  at  the  same  time  as  the  valley 
itself,  but  at  a  somewhat  later  period. 
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n. — ^Thb  Pabknt-book  op  the  Diamond.    Bbply  to  a  Cbitioism* 
By  Professor  T.  G.  Bonnet,  D.Sc,  LL.D.,  F.E.S. 

A  SHORT  time  since  Mr.  G.  Trubenbaoh,  Managing  Director  of 
the  Newlands  Diamond  Mine,  West  Qriqualand,  drew  my 
attention  to  a  notice  by  Professor  Beck^  of  the  paper  which  I  read 
to  the  Boyal  Society  last  June,  on  the  Parent-rock  of  the  Diamond 
in  South  Africa,  kindly  sending  me  a  translation  of  the  original. 
As  Professor  Beck's  criticisms  are  founded  on  such  a  travesty  of  my 
published  opinions'  that  I  can  only  suppose  his  knowledge  of  our 
language  to  be  very  imperfect,  and  as  the  hypothesis  which  he 
advances  appears  to  me  untenable,  I  ask  permission  to  reply  to 
the  one  and  point  out  the  improbability  of  the  other. 

1.  Professor  Beck  objects  to  my  tei*ming  the  crystalline  garnet- 
pyroxene,  rock,  which  sometimes  contains  diamonds,  an  eclogite, 
remarking,'  ''which,  however,  must  raise  doubts,  as  this  name 
has  hitherto  been  applied  only  to  a  similar  mineral  combination  of 
orystalline  schists  (aehiefer),  while  Bonney  particularly  emphasizea 
the  eruptive  nature  in  this  instance."  In  my  paper  I  took  th& 
precaution  of  stating  that  I  was  well  aware  doubts  had  been 
expressed  in  the  past  as  to  the  origin  of  eclogite,  but  that  after 
good  opportunities  of  studying  it  I  was  convinced  it  was  an 
intrusive  igneous  rock.  That  such  doubts  should  have  existed  i» 
not  surprising.  The  significance  of  foliation  was  for  long  imperfectly 
understood,  and  as  eclogite  is  generally  associated  with  crystalline 
schists,  and  is  not  seldom  foliated,  it  was  supposed  to  have  had 
a  similar  origin.  In  such  cases  it  is  a  metamorphic  rock,  but 
not  in  the  sense  formerly  implied  by  that  word ;  the  foliation  (by 
no  means  universal)  being  only  a  superinduced  structure,  whil& 
the  evidence  of  intrusion  is  sometimes  conclusive.  Eclogite  formerly 
was  left  with  sundry  other  little  understood  rooks  in  a  kind  of 
'oddment'  drawer.*  Does  this  uncertainty  in  the  past  as  to  the 
genesis  of  a  rock  debar  us  from  using  its  name  afterwards  when 
we  are  able  to  do  it  with  more  precision  ?  Or  does  Professor  Beck 
mean  to  say  that  the  whole  history  of  a  rock,  as  well  as  its  mineral 
composition  and  structure,  must  be  known  before  we  can  give  it 
a  name?  In  both  the  latter  this  South  African  rock  is  truly  an 
edogite,  and  I  maintain  the  name  may  legitimately  be  used  for  it, 
when  ill-grounded  uncertainties  as  to  the  genesis  have  been  cleared 
up.  What  does  Professor  Beck  mean  to  do  with  the  olivine  rocks 
(or  peridotites)  and  the  corresponding  serpentines?  There  also 
a  similar  doubt  as  to  origin  formerly  existed. 

2.  This,  however,  is  a  mere  diflference  of  opinion  on  a  question 
of  nomenclature.  I  pass  on  to  one  more  important.  Professor  Beck 
criticizes,  at  too  great  a  length  for  full  quotation,  my  supposed 

*  Zeitscbrift  fiir  Praktische  Gteologie,  December,  1899. 
»  Proc.  Royal  Soc.,  Ixv,  p.  223. 

'  I  quote  trom  the  traAslation  sent  to  me  by  Mr.  Trabenbaob,  though  I  hare- 
occasionally  made  a  slight  alteration  in  the  terms  used. 

*  See,  for  instance,  Cott^  on  Rocks,  translated  by  Lawrence,  1878,  p.  310. 
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-views  in  regard  to  the  original  home  of  the  diamond.  The  more 
important  part,  however,  runs  as  follows: — "He  assumes  that 
they  (the  garnet  diopside  boulders)  are  fraotures  from  a  muoh 
older  rocky  which,  having  been  subjected  to  the  same  action  as 
river  boulders,  were  brought  to  the  surface,  together  ioiih  the 
kimherlite,  from  a  fluviatiU  deposit,^  at  a  great  depth.  Quite 
naturally  he  now  deduces  the  hypothesis  that  all  the  diamonds 
found  in  the  kimberlite  have  their  origin  in  $uch  diamanti/eroue 
Boapiione  formation  (diamantseifen)  deposited  in  the  depth  of  the 
Karoo  formation  and  brought  to  the  surface  by  the  same  eruptive 
agencies  as  produced  the  kimberlite  necks  (stocks)."  Professor 
Beck  then  proceeds  to  argue  against  the  probability  of  these 
'Miamantiferous  soapstones"  underlying  the  whole  of  the  Karoo 
formation.  But  I  never  even  mentioned  a  soapstone,  and  do  not 
know  what  Professor  Beck  means  by  it,  unless  it  be  the  matrix 
of  the  so-called  kimberlite ;  neither  have  I  ever  asserted  anything 
like  the  sentences  which  I  have  placed  in  italics.  I  agree  with 
him  that  the  existence  of  a  bed  of  **  diamantiferous  soapstone "  at 
the  base  of  the  Karoo  (i.e.  in  the  Dwyka  conglomerate)  is  most 
improbable,  but  of  that  he  is  the  sole  inventor,  and  1  strongly 
object  to  having  such  nonsense  fathered  upon  me.  1  have  read 
my  paper  again,  and  think,  speaking  from  some  experience  as 
a  writer,  that  it  ought  to  be  intelligible  to  anyone  who  really 
understands  English.  I  did  not,  indeed,  elaborate  every  minute 
detail  of  the  argument'  For  this  I  had  two  reasons— one,  that  as 
I  was  addressing  scientific  experts,  they  did  not  require  elementary 
instruction  ;  the  other,  that,  as  I  personally  object  to  elaborate 
demonstrations  of  the  obvious,  or  to  being  told  with  much  detail 
that  Queen  Anne  is  dead,  I  abstain,  as  far  as  possible,  from 
inflicting  this  penance  on  others.  What  I  said  amounted  to  this, — 
that  the  diamond  had  now  been  found  as  a  constituent  of  a  coarse- 
grained eclogite;  that  this  eclogite  no  doubt  formed  part  of  an 
old  crystalline  floor,  underlying  the  Permo-Triassic  deposits,  from 
which  fragments  must  have  been  broken  off  and  rolled  by  water 
action  into  boulders ;  that  these  probably  had  been  inmates  of  the 
Dwyka  conglomerate;  that  after  the  Karoo  Beds  were  deposited, 
volcanic  explosions  had  shattered  much  of  the  crystalline  floor 
(eclogites,  peridotites,  etc.,  some  of  them  diamantiferous),  and  sent 
its  fragments  flying  up  together  with  the  overlying  Dwyka  con- 
glomerate' and  Karoo  Beds;  and  that  the  pipe  was  ultimately 
filled  up  with  this  broken  material,  which  was  subsequently  exposed 
to  solfatario,  perhaps  also  very  locally  to  contact  action. 

Thus  Professor  Beck  is  criticizing  an  hypothesis  which  is  none  of 
mine,  but  of  his  ovm  imagining.  From  this  I  turn  to  the  one 
which  he  proposes  as  a  substitute.  *'  We  take  the  garnet  diopside 
lumps,  notwithstanding  their  form,  not  as  actual  boulders,  but  of 

^  The  italics  are  mine. 
*  My  views  will  be  found  on  pp.  235,  236. 

>  The  boolders,  pebbles,  ana  mineral  grits  in  this  would  be  scattered  like  shot 
irOm  a  gun. 
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iiitr«-teIlario  origin,  Le.  oonoretionB  of  the  kimberlitio  magmas. 
They  hold  the  same  position  to  kimberlite  as  tlie  well-known  olivine 
lumps  {clivinkncUen)^  whioh  sometimes  have  the  same  rounded-ofr 
form  and  smooth  surfaoe,  to  the  basalt  in  which  thej  are  inclosed." 
To  this  I  reply  that :  (1)  I  have  spent  some  time  in  the  endeavoir 
to  prove  that  kimberlite  is  only  a  fragmental  rock,^  and  the 
oconrrenoe  in  any  peridotite  of  coarsely  crystalline  'concretions' 
of  garnet,  diopside,  enstatite,  eta,  would  be  without  precedent 
(2)  It  has  yet  to  be  proved  that  these  '  olivinknollen '  in  basalt 
are  '  conoretioas/  and  I  do  not  envy  the  man  who  attempts  the 
task.  I  have  examined  scores  of  them ;  they  are  seldom,  if  ever, 
really  well  rounded,  and  are,  I  believe,  fragments  of  a  peridotite, 
caught  up  by  the  basalt,  as  happens  to  pieces  of  gpranite,  gneiss, 
sedimentary  and  other  kinds  of  rock.  If  the  lumps  of  eclogite 
are  concretions  it  is  strange  they  should  be  so  easily  separable  from 
the  enclosing  'kimberlite/  and  still  more  so  that  the  minerals  at 
their  surface  should  so  often  be  cut  through  exactly  as  they  would 
be  by  attrition.  In  other  words,  speaking  from  a  wide  experience 
in  the  field,  I  am  certain  that  these  are  as  truly  boulders  as  any 
in  the  bed  of  an  Alpine  torrent  But  Professor  Beck,  apparently 
not  quite  satisfied  with  his  'concretion'  hypothesis,  goes  on  to 
suggest  that  rounding  "  may  be  accounted  for  by  a  rotatory  abrasion 
during  the  eruption  in  the  orator."  I  have  examined  the  materials 
of  a  good  many  volcanic  cones,  but  never  saw  such  perfect  rounding 
as  this,  and  as  I  foresaw  the  possibility  of  that  hypothesis  being 
advanced,  was  careful  to  insert  a  sentonce  to  show  that  I  had  both 
considered  and  rejected  it  Thus  I  find  myself  unable  to  admit 
either  the  justice  of  Professor  Beck's  criticisms  or  the  reasonableness 
of  his  hypothesis.  The  lattor,  indeed,  suggests  to  me  that  its 
inventor  has  heard  the  "mouse  squeak"  more  ofton  than  "the 
lark  sing."  

in. — Debivbd  Limbstombs. 
By  Professor  W.  J.  Sollas,  D.Sc,  F.B.S. 

r  attention  has  been  directed  to  the  following  paragraph,  which 
appears  in  Mr.  H.  B.  Woodward's  monograph  on  the  Jurassic 
Bocks  of  Britain,  voL  iii,  p.  31  (1893).    It  is  as  follows  i— 

"  Prof.  Sollas  has  suggested  that  rivers  sometimes  bear  to  the  sea 
considerable  quantities  of  undissolved  calcareous  matter,  derived 
from  the  formation  through  which  they  fiow.  This  is  a  matter 
that  requires  confirmation,  for  it  is  known  that  carbonate  of  lime 
is  more  readily  soluble  in  fresh-water  than  in  sea-water." 

The  statement  attributed  to  me  was  more  than  a  mere  suggestion, 
and  as  the  subject  is  of  some  interest  it  may  be  as  well  if  I  now 
I^esent  the  evidence  which  I  had  in  mind  when  asserting  that  the 

^  I  do  not  deny — nay,  I  expect — thst  large  masBes  of  peridotite  (probably 
also  diamantiferoos)  exist  in  the  crystalline  floor,  but  not  '  kimberlite '  as  defined 
by  Professor  Carvill  Lewis.  A  little  lower  down.  Professor  Beck  seems  to  admit  the 
*  Kimberlite  *  to  be  a  breccia.  If  so,  bow  can  it  be  a '  magma,'  nnless  he  means  that 
the  nnbroken  material  exists  somewhere  down  below,  in  iniicn  caae  it  is  not  likely  to 
be  '  kimberlite,'  but  some  ordinary  variety  of  peridotite. 
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clenadaibn  of  a  limestone  and  the  tiansportation  of  oaloareeas 
sediment  may  be  aooomplished  not  onlj  bj  solation  but  bj  the 
mechanical  action  of  fresh-water. 

On  examining  under  a  microscope  the  saspended  matter  which 
floats  in  the  river  Gam  aboTC  Oambridge,  and  which  may  readily 
be  separated  by  filtration  through  a  muslin  net,  the  obseryer  who 
looks  upon  them  for  the  first  time  will  be  surprised  to  find 
associated  with  a  number  of  minute  living  organisms  certain  bodies 
which  resemble  in  the  closest  manner  the  ooccoliths  of  the  Ohalk. 
The  appearance  of  these  is  so  fresh  that  it  would  not  be  an  altogether 
inexcusable  blunder  to  regard  them  as  native  to  the  stream,  and 
though  it  might  be  objected  that  fresh-water  ooccoliths  are  things 
hitherto  unheard  of»  yet  an  answer  to  this  might  be  found  in  the 
fact  that  on  removing  the  calcareous  part  of  the  organism  with 
dilute  acid  a  soft  granular  film  remains  behind,  which  has  not  only 
a  very  organic  appearance,  but  readily  stains  with  magenta  and  some 
other  aniline  dyes. 

On  pushing  the  enquiry  further,  however,  it  will  be  found  that 
the  residual  film  is  not  a£fected  by  such  stains  as  are  selective  in 
their  effects ;  those  which  only  react  upon  protoplasm  have  no  effect 
upon  it  Further,  the  ooccoliths  give  no  signs  of  life ;  they  cannot 
be  made  to  grow  nor  to  subdivide  by  fission. 

In  the  old  days  when  the  coprolite  pits  around  Cambridge  were 
being  worked  it  was  not  uncommon  to  come  across  streams  of 
chalky  water  flowing  away  from  the  washing  tanks.  An  examina- 
tion of  this  revealed  all  the  forms  of  ooccoliths  which  were  to  be 
found  floating  in  the  Cam,  but  in  this  case  there  could  be  no 
question  as  to  their  origin,  they  were  derived  from  the  chalk  marl. 

Considering,  then,  that  no  independent  evidence  can  be  cited  for 
the  existence  of  fresh-water  cocooliths,  that  the  minute  bodies 
floating  in  the  Cam  present  no  signs  of  life,  and  that  the  river  drains 
a  country  largely  composed  of  chalk  rocks,  from  which,  as  we  have 
proof,  ooccoliths  may  be  derived,  the  presumption  is  altogether  in 
favour  of  regarding  the  ooccoliths  of  the  Cam  as  mechanical  sedi- 
ments now  in  process  of  being  carried  to  the  sea. 

I  have  said  that  these  sediments  may  be  "  considerable."  A  good 
deal  depends  on  what  is  meant  by  considerable,  but  I  think  the 
■qualification  may  be  justified  by  the  following  example.  On 
visitbg  the  gravel-pits  at  Barnwell  occasional  white  lenticular  beds 
may  be  observed  intercalated  amid  the  finer  sands  of  the  deposit. 
These  are  composed  of  carbonate  of  lime,  and  a  microscopic  examina- 
tion proves  them  to  consist  of  minute  organisms  and  debris  of 
organisms,  which  have  been  derived  from  the  chalk.  Foraminifera, 
whole  and  broken,  of  which  Qlohigerxna  is  one  of  the  commoner 
forms,  shell  prisms,  and  cocooliths  are  obvious.  Thus  we  learn  that 
not  only  may  a  river  transport  calcareous  sediment,  even  when  con- 
stituted of  such  minute  bodies  as  ooccoliths,  just  as  it  might  an 
insoluble  clay,  but  further,  that  under  favourable  circumstances 
it  may  deposit  this  material  and  thus  form  beds  of  limestone,  which 
are  not  immediately  but  only  indirectly  of  organic  origin. 
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It  was  partly  from  observations  suoli  as  these  that  I  was  led  to 
suggest  a  derivative  origin  for  the  oaloareous  substance  of  the  corn- 
stones  of  the  Old  Bed  Sandstone,  and  for  much  of  the  limestone  of 
the  Lower  Lias ;  nor  has  subsequent  reflection  led  me  to  abandon 
this  explanation,  but  rather  to  extend  it.  A  good  deal  of  the 
.magnesian  limestone  of  the  North  of  England  is  as  false-bedded  as 
a  modem  beach  sand,  and  occurs  under  circumstances  that  would  lead 
us  to  look  for  its  source  rather  in  the  mountain  limestone  than  in  its 
poverty-stricken  indigenous  fauna.  Such  derivative  calcareous  matter 
would  by  reason  of  its  finely  divided  state  be  in  a  condition  to  yield 
readily  to  the  action  of  magnesian  waters  and  thus  pass  into  dolomite. 

It  by  no  means  follows  that  rivers  have  been  the  only  agents  by 
which  mechanical  calcareous  deposits  have  been  formed  from  pre- 
ezistent  limestones ;  sea  waves  may  have  also  played  their  part,  as, 
indeed,  is  suggested  by  my  friend  Mr.  Woodward,  who  also  has 
arrived  at  the  conclusion  '<  that  under  certain  conditions  there  may 
be  sedimentary  deposits  of  calcareous  mud  [derivative]  as  well  as 
chemical  precipitates.'* 

IV. — WOODWARDIAN    MUSBUM    NoTES  :     On    THE    BRITISH    SpEOISS 
OP  THE   OeNUS    CoNOCORTPHE, 

By  F.  R.  Cowper  Rbed,  M.A.,  F.G.S. 

IN  1877  Dr.  Woodward*  recorded  nineteen  British  species  of  the 
genus    Conocoryphe,    of    which    seven    were    doubtful.      The 
following  is  the  list  of  them: — 

Conocoryphe  ahdita^  Salter.  C.  Lyellii^  Hicks. 

C.  applanaia,  Salter.  C.  ?  olenoides,  Salter. 

C.  ?  bucephala,  Belt.  C.  ?  simplex,  Salter. 

C.  bnfOf  Hicks.  C.  tolrensis,  Hicks. 

C,  coronata,  Barrande.  C.  sp.,  Salter. 

C.  (Solenopleura)  depreaaa,  Salter.  C.  ?  variolaris,  Salter. 

C.  Homfrayi,  Salter.  C,  ?  verisimilis,  Salter. 

C.  humerota,  Salter.  C,  vexata,  Salter. 

C.  ifwita,  Salter.  C.  ?  WilliatMoni,  Belt. 
C.  P  lonffupina,  Belt. 

Professor  Etheridge  *  in  1888  gave  the  following  four  additional 
species : — 

Conoeorpphe  MakemitUf  Phillips.  C.  perdiiaf  Hicks. 

C,  monile^  Salter.  (7.  Flantii,  Salter. 

Salter'  in  1872  had  doubtfully  recorded  C?  ecome  (Angelin)  ?  from 
Wales.  The  latest  addition  to  the  list  was  C.  viola  (H.  Woodward) 
in  1888  from  Bethesda.^ 

Since  the  generic  name  Conocoryphe  is  now  used  in  a  much  more 
restricted  manner  than  formerly,  it  is  desirable  that  the  true  position 
of  the  above-mentioned  species  should  be  determined  afresh.  The 
genus    Conocoryphe    is    now    used^  as    the    type  of   the   family 

1  Catal.  Brit.  Fow.  Crust.,  pp.  81-33. 

s  Brit.  Pal.  Foss.,  pp.  48,  49,  and  406. 

»  Catal.  Camb.  SU.  Foss.  Woodw.  Mus.,  p.  12. 

«  H.  Woodward.  Q.J.G.S.,  vol.  xUv  (1888),  p.  74,  pi.  iv. 

B  Textbook  of  Paladontolog)',  by  Zittel  &  Eastman  (1900),  Tol.  i,  p.  626. 
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GonoooryphidaB,  wbioli  also  inoludes  the  genera  Atojps,  CtmoeephaluSy 
and  Bathynotus,  besides  others  of  subgenerio  rank  or  of  less 
importanoe.  The  oharaoters  of  the  family  are  given  (op.  cit.)  as 
follows : — 

''Free  oheeks  very  narrow,  forming  the  lateral  margins  of  the 
oephalon,  and  bearing  the  genal  spines.  Fixed  oh^ks  large, 
usually  traversed  by  an  eye-line  extending  from  near  the  anterior 
end  of  the  glabella.  Faoial  sutures  running  from  just  within  the 
genal  angles,  curving  forward,  and  outting  the  anterior  lateral 
margins  of  Uie  cephalon.  Eyes  rudimentary  or  absent.  Thorax 
with  from  fourteen  to  seventeen  segments.  Pygidium  small  and  of 
few  segments.     Cambrian." 

The  ohtiraoters  of  the  genus  Conocoryphe  are  given  as  follows  : — 
"  Cephalon  semicircular ;  genal  angles  produced  into  spines ; 
glabella  distinctly  lobed,  wide  behind,  and  contracted  in  front, 
not  extending  to  the  frontal  border.  Fixed  cheeks  very  large,  with 
conspicuous  furrow  parallel  to  the  anterior  margin;  free  cheeka 
narrow,  marginal ;  thorax  of  fourteen  segments." 

The  same  author.  Dr.  Charles  Beecher,  who  has  written  the 
article  on  trilobites  in  the  book  above  quoted,  published  the  same 
diagnosis  of  the  family  Conocoryphidad  in  1897,^  and  included  in  it 
the  following  genera  and  subgenera  : — 

Conocoryphe,  Corda  (=  Conocephalites,  Barrande).    . 

Aneueanthits,  Angelin. 

Atopsy  £mmons. 

Avalonia,  "Walcott. 

Bailiellay  Matthew  {=SaUeria,  Walcott,  and-&rm«y»,  Salter). 

BathynottUy  Hall. 

Carattsiay  Hicks. 

Ctenocephalusy  Corda. 

Bietyoeephalusy  Bergeron. 

EryXy  Angelin. 

HaHtia,  Walcott. 

Toxotity  Wallerius. 

Matthew '  has  contributed  much  to  our  knowledge  of  the  genus,, 
and  his  writings  deserve  careful  study. 

The  usage  of  the  generic  name  Conocoryphe  in  Britain  has  on 
a  previous  occasion  been  briefly  criticized  by  the  present  author,^ 
and  some  of  the  British  species  assigned  to  other  genera.  In 
discussing  them  here  more  in  detail  it  will  be  convenient  to  take 
them  alphabetically. 

Conocoryphe  ahdita  (Salter,  Mem.  Geol.  Surv.,  vol.  iii,  1866, 
p.  306,  pL  v,  fig.  13).  —  This  species  is  at  once  seen  to  possess 
fundamental  dififerences  from  Conocoryphe,  sens,  str.,  in  the  large 
well-developed  eyes  and  in  the  course  of  the  facial  suture.  The 
presence  of  pits  in  the  marginal  furrow  of  the  head-shield  suggests 
that  it  should  be  referred  to  either  Edoma  or  Apatokephalus,  and 
the  position  of  the  eyes,  their  relative  size,  the  eye-lines,  and  the 

*  Amer.  Joum.  Sc,  vol.  iii  (1897),  p.  180. 

3  Trans.  Roy.  Soc.  Canada,  yol.  ii  (1884),  sect,  iv,  pp.  102,  103. 

5  Gbol.  Mao.,  Dec.  IV,  Vol.  V  (1898),  pp.  496,  496. 
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-oonrse  of  the  facial  satare  mdioate  that  it  belongs  to  the  fonner 
genns,  Evloma.  Linnanaon  and  Brdgger  *  assigned  it  many  yean 
ago  to  this  genns. 

a  applanaia  (Salter,  Brit  Assoc.  Bep.,  1865,  p.  285 ;  Q.J.G.8-, 
Tol.  zxv,  1868,  p.  53,  pi.  ii,  figs.  1-5).  — In  the  first  place  the 
presence  of  eyes  and  the  course  of  the  facial  snture  remove^  it 
from  Conocoryphe,  sens.  str.  The  characters  of  SolenopUura,  which 
Matthew'  has  tabulated,  agree  in  many  particulars  with  those 
present  in  this  form.  The  surface  is  granular  or  subtuberculate, 
the  glabella  is  prominent,  the  dorsal  furrows  well  defined,  the 
genal  angles  are  pointed,  the  fixed  cheeks  are  strongly  swollen, 
«nd  the  pygidium  is  small  with  but  three  segments.  The  rather 
remote  eyes,  with  the  ocular  ridges,  the  parabolic  glabella,  the 
•course  of  the  facial  sutures,  the  strong  margin  to  the  head-shield, 
and  the  marginate  pygidium  are  also  points  in  which  G  applanata 
agrees  with  Solenopleura.  The  tubercle  on  the  neck-segment  found 
in  the  latter  genus  is  also  present  in  the  type-specimen,  though  not 
mentioned  in  Salter's  description.  The  pleurae,  however,  of  this 
species  are  said  to  be  pointed,  while  in  Solenopleura  Matthew 
(op.  cit)  describes  them  as  bluntly  rounded.  All  the  specimens 
of  (7.  applanata  which  I  have  examined  appear  to  have  had  blunt 
tips  to  the  pleune,  the  pointed  appearance  being  due  to  oblique 
crushing  or  distortion.  The  weight  of  evidence  is  therefore  in 
favour  of  assigning  this  form  to  the  genus  Solenopleura, 

a  ?  hucephala  (Belt,  Qbol.  Mag.,  Vol.  V,  1868,  p.  10,  PI.  II, 
Figs.  1-6). — ^This  species  is  certainly  not  a  true  Conocoryphe,  as 
a  brief  inspection  of  the  figures  shows.  The  general  characters  of 
ihe  species  place  it  amongst  the  OlenidsB,  and  it  may  provisionally 
be  assigned  to  the  genus  Olenue.  The  crust  of  the  glabella  is  said 
to  be  unfurrowed  as  in  Angelina  and  Cyclognathus,  but  when  this  is 
removed  or  the  glabella  crusted  two  or  three  pairs  of  furrows  are 
«een.  The  triangular  margin  of  the  frontal  lobe  is  peculiar,  and 
since  the  pygidium  is  also  unknown  its  true  generic  position  must 
for  the  present  remain  a  matter  of  doubt. 

a  hvfo  (Hicks,  Brit.  Assoc.  Bep.,  1865,  p.  285 ;  Q.J.G.S.,  vol.xxv, 
1868,  p.  52,  pi.  ii,  fig.  8). — This  is  a  true  ConocorypJie,  sens,  str.,  a{i 
has  been  previously  remarked.'  It  appears  to  belong  to  the  sub- 
genus Bailiella  (Matthew),  of  which  C.  Baileyi  (Hartt)  is  the  type, 
and  which  is  characterized  by  the  facial  suture  cutting  off  a  third  of 
the  marginal  fold  instead  of  running  along  the  outer  edge  of  this 
fold  as  in  C,  Suheri.  Matthew  (op.  cit.)  remarks  that  C.  hufo 
possesses  a  head-shield  very  like  that  of  C.  (BaUiella)  elegane 
<Hartt),  but  the  pygidium  is  not  known.   Linnarsson*  had  previously 

'  Die  SUur.,  Etag.  2  and  3  (1882),  p.  98. 

«  Trans.  Roy.  Soc.  Canada,  toI.  t  (1887),  p.  184. 

>  Matthew,  Trans.  Roy.  Soc.  Canada,  toI.  ii  (1884),  sect,  iy,  pp.  102,  103; 
Reed,  Geol.  Mao.,  Dec.  IV,  Vol.  V  (1898),  pp.  496.  496. 

*  Sver.  Geol.  Undersokn.,  1877,  Om  fauna  i  lagren  med  Paradnxidt*  okmdieu$, 
p.  16,  t.  2,  f.  2-4 ;  Sver.  Geol.  UndeiBolni.,  ser.  c,  No.  3d,  1879,  Om  famua 
1  Kalken  med  Conocoryphe  izsulans,  p.  19,  t.  2,  f.  26-28. 
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noiioed  the  resemblanoe  of    the  Brituh  speoiee    to    C.  Dalmani 
(Sjogren),  which  may  be  identical  with  C,  emarginata  (Linn.). 

C.  earanata,  Barrande  (Syat.  SiL  Bohdme,  voL  i,  185%  p.  424, 
t  13,  f.  20-26).  —  This  species  was  first  described  from  Britain 
by  Hicks.*  The  type-specimen  is  in  a  poor  state  of  preservation, 
and  there  may  be  some  doubt  if  it  realJy  belongs  to  Barrande*a 
qpeoies;  but  Salter's  remark'  that  while  Hicks'  specimen  poesossos 

Snal  spines  Barrande's  figure  shows  none,  is  of  no  importance,  as 
krrande^s  figure  was  drawn  from  a  specimen  without  the  free-cheeks. 
Gtonal  spines  are  characteristic  of  the  genus  Ctenoceph<dus  (Oorda), 
to  which  C.  coromUuM  belongs,  as  Matthew  (op.  cit,  p.  103)  has 
pointed  out  Ctet^ocephaluM  is  distinguished  from  Canocoryphe  (type 
C,  JSulzeri)  by  the  possession  of  a  marked  protuberance-— a  frontal 
lobe^^in  front  of  the  glabella,  and  by  a  smaller  pygidium.  The 
number  of  thoracic  segments  is  also  not  the  same,  and  the  course 
of  development  is  different  The  distinction  of  these  two  genera 
therefore  appears  to  be  well  founcted. 

a  (SdenopUura)  depreisa,  Salter  (Siluria,  2nd  ed.,  1859,  p.  47,. 
Foss.  7,  fig.  2  lEUip$oeephcdu$]). —  Brogger'  has  expressed  the 
opinion  that  this  species  belongs  to  the  subgenus  Cydognathw  of  the 
genus  Olemu.  But  the  presence  of  genal  spines,  the  more  remote- 
and  more  backward  position  of  the  eyes,  the  glabellar  furrows,  th» 
relative  shortness  of  the  glabella  itself,  the  possession  of  a  rather 
wide  frontal  limb  separating  it  from  the  margin,  and  the  different 
•hape  of  the  head-shield,  are  opposed  to  this  view.  The  form  of  the 
pleuraa  is  certainly  somewhat  similar,  and  thenumber  of  body-segmenta 
is  the  same,  while  the  pygidium  bears  a  very  close  resemblance. 
But  a  comparison  with  specimens  of  the  type  farm  CydognathuM  eoikUw 
from  Vestfossen  presented  by  Professor  Brogger  himself  to  the 
Woodwardian  Museum  confirms  my  opinion  that  C  depressa  cannot 
be  referred  to  Cydognathug.  With  Solenopleura  its  affinities  are  rather 
closer.  The  number  of  body-segments  is  the  same  and  the  pygidium 
and  pleune  are  fairly  similar,  but  the  fixed  cheeks  show  no  sign  of 
having  been  swollen,  the  genal  angles  are  pointed  and  have  no  sub- 
marginal  spine,  the  eyes  are  rather  forward,  and  there  is  no  neck 
tubercle  nor  granulation  of  the  surface.  Matthew,  in  a  manuscript 
note  on  the  specimens  of  this  species  in  the  Woodwardian  Museum, 
considers  it  to  be  allied  to  Solenopleura.  Its  precise  generic  position 
must  for  the  present  remain  uncertain,  though  it  must  be  removed 
from  Conocorypke.  With  the  exception  of  &e  shape  of  the  pleune 
it  has  many  points  of  similarity  to  Olenus,  sens,  str.,  and  it 
undoubtedly  belongs  to  the  family  Olenidas. 

C.  ?  ecome,  Ang.  ?  (Salter,  Cat  Camb.  Sil.  Foss.  Woodw.  Mus., 
1872,  p.  12),  is  a  species  of  Peliura,  and  shows  all  the  characteristio 
features  of  that  genus. 

C.  Eonrfrayi,  Hicks  (QJ.Q.S.,  vol.  xxviii,  1872,  p.  178,  pi.  vi, 
fig.  12). — ^The  type-specimen  is  much  compressed  and  distorted,  and 

>  Q.J.G.S.,  vol.  xxTui  (1872),  p.  178,  pi.  ti,  fig.  11. 
*  Mem.  Geol.  Sutt.,  2nd  ed.  (1881),  yoI.  iii,  p.  499. 
'  Die  SUur.,  Etag.  2  and  3  (1882),  p.  111. 
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after  a  oarefal  examination  of  it  I  have  much  donbt '  if  eyes  really 
existed,  though  the  species  has  been  described  as  possessing  thenu 
The  number  of  thoracic  segments  and  the  shape  of  the  plenrsd  are 
the  same  as  in  Conocoryphey  sens,  str.,  and  the  genal  angles  similarly 
bear  spines.  The  pygidium,  according  to  Hicks,  has  fewer  segments 
than  in  C,  Sulzeri,  bat  the  state  of  preservation  of  this  member  is 
very  poor.  With  much  probability  this  species  may  therefore  rightly 
be  left  in  the  genus  Conoeoryphe. 

C.  humerosa,  Salter  (Rep.  Brit.  Assoc.,  1865,  p.  285 ;  Q.J.G.S., 
vol.  XXV,  1868,  p.  54,  pL  ii,  fig.  7). — ^The  specimen  on  which  this 
species  was  founded  has  the  head-shield  very  much  crushed,  and  the 
characters  given  by  Salter  (op.  cit.)  are  very  imperfectly  seen,  so 
that  not  much  weight  can  be  attached  to  them.  The  ornamentation 
of  the  crust  is,  however,  distinct,  and  the  neck-spine  is  preserved 
fairly  well.  The  portion  of  the  thorax  is  nearly  perfect,  and  all  the 
features  mentioned  by  Salter  can  be  made  out,  as  well  as  some  others 
not  recorded.  But  all  the  characters  are  absolutely  different  to  any 
found  in  the  thorax  of  any  species  of  Conoeoryphe,  sens,  str.,  and  it 
can  be  positively  asserted  that  it  does  not  belong  to  this  genus. 
The  spine  on  the  neck-segment,  followed  by  those  on  the  axial  rings 
of  the  thorax,  the  shape,  the  groove,  and  free  spinose  ends  of  the 
pleursd  suggest  the  genus  Olenoides.  The  peculiar  radiate  "  venulose 
lines  ^  and  granulation  ornamenting  the  surface  of  0.  typicalis 
(Walcott)  described  by  Walcott  *  are  distinctly  visible  on  the  head- 
shield  of  the  type-specimen  of  C»  humerosa ;  and  comparison  with 
specimens  of  Olenoides  from  America  shows  that  the  spines  on  the 
axis  closely  resemble  those  in  0.  typicalis,  while  the  pleursB  are 
more  like  those  of  O,  nevadensis  (Meek).  The  geological  age  of  the 
beds  in  which  Olenoides  occurs  is  approximately  the  same  as  that  in 
which  (7.  humerosa  was  found,  and  there  seems  to  be  no  reason  for 
hesitating  to  ascribe  this  species  to  the  genus  Olenoides. 

C.  invita,  Salter  (Dec.  Geol.  Surv.,  1865,  pi.  vii,  fig.  6).— This 
species  has  been  referred  by  Brogger '  to  his  new  genus  Apatolcephalus, 
as  I  have  recently  mentioned.^  The  characteristic  features  of  this 
genus,  which  shows  many  points  of  resemblance  to  Euloma  and 
IHcellocephalus,  are  well  exhibited  in  the  head-shields  of  this  form, 
and  Brogger's  view  needs  no  further  comment. 

a?  longispina.  Belt  (Gkol.  Mag.,  VoL  V,  1868,  p.  9,  PL  U, 
Figs.  12-14). — By  the  characters  of  the  head-shield  we  can  at  onoe 
decide  that  this  species  does  not  belong  to  Conoeoryphe.  Judging 
from  Belt's  figures  and  description,  it  may  without  hesitation  be 
referred  to  the  genus  Olenns,  and  probably  to  its  subgenus 
Paraholinella,  as  indicated  by  the  course  of  the  facial  suture  and 
position  of  the  eyes,  but  the  shortness  of  the  glabella  is  remarkable. 

a  Zyelli,  Hicks  (Q.J.Q.S.,  vol.  xxvii,  1871,  p.  339,  pi.  xvi, 
figs.  1-7).— On  a  former  occasion  *  I  have  stated  that  this  species  js 

1  Geol.  Mao..  Dec.  IV,  Vol.  V  (1898),  p.  496. 

»  Bull.  U.S.  Geol.  Snrv.,  No.  80  (1886),  p.  180,  pi.  xxv,  figs.  2,  2a,  7. 

'  Nyt  Magazin  fur  Naturvidenskabeme,  Bd.  xxxv  (1896),  pp.  179-185,  200. 

«  Gbol.  Mao.,  Dec.  IV,  Vol.  VII  (1900),  p.  46. 

•  Gbol.  Mao.,  Dec.  IV,  Vol.  V  (1898),  p.  495. 
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probably  a  true  member  of  the  genns  Conocoryphe.  The  narrow 
marginal  free-cheeks,  the  coarse  of  the  facial  suture,  the  absence  of 
compound  eyes,  the  number  and  characters  of  the  thoracic  segments, 
are  features  in  which  it  completely  agrees. 

a  malvem%u$,  Phillips  ("Geology  of  Oxford,"  1871,  p.  68, 
fig.  5). — As  far  as  the  imperfect  figure  allows  one  to  judge,  this 
species  appears  to  belong  to  the  genus  PeUura.  At  any  rate,  it  is 
not  a  Conocoryphef  but  is  referable  to  one  of  the  Olenidee. 

C.  monile,  Salter  (Cat.  Camb.  Sil.  Foss.  Woodw.  Mus.,  1872,  p.  82 ; 
Callaway,  Q. J.G.S.,  vol.  xxxiii,  1877,  p.  665,  pi.  xxiv,  fig.  4).— This 
species,  which  was  first  described  by  Callaway  (op.  cit),  has  been 
assigned  to  the  genus  Etdotna  by  Brogger,*  of  which  it  exhibits  all 
the  typical  features. 

C.  ?  olenoide$,  Salter  (Mem.  Geol.  Surr.,  vol.  iii,  1866,  p.  308, 
pi.  viii,  fig.  6).— It  is  quite  doubtful  to  what  genus  this  species 
should  be  referred,  but  we  cannot  have  any  hesitation  in  removing 
it  from  Conocoryphe  and  placing  it  amongst  the  Olenidao. 

a  perdita,  Hicks  (Q.J.G.S.,  vol.  xxv,  1869,  p.  63,  pi.  ii,  fig.  3).— 
This  species  has  never  been  fully  described,  and  the  only  published 
figure  of  it  is  most  unsatisfactory.  Hicks  (op.  cit)  says  C.  hufo  is 
its  nearest  ally,  and  if  this  be  the  case  it  must  probably  be  a  true 
Conocoryphe. 

C.  Planti,  Salter  (Cat.  Camb.  Sil.  Foss.  Woodw.  Mus.,  1872, 
p.  11). — ^This  species,  founded  on  well-preserved  specimens,  is  an 
excellent  example  of  the  subgenus  ParahoUnella  of  the  genus 
Olenus,  and  a  description  of  it  is  now  in  the  press.  Salter  (op.  cit) 
assigned  it  correctly  to  Olenus. 

C?  simplex,  Salter  (Mem.  Geol.  Surv.,  vol.  iii,  1866,  p.  306, 
pi.  V,  fig.  17). — ^The  smooth  glabella,  the  very  forward  position 
of  the  eyes  close  to  the  front  end  of  the  glabella,  and  the  course 
of  the  facial  suture  agree  well  with  Cyclognathus,  to  which  it  may 
be  referred. 

0.  solvensia,  Hicks  (Q.J.G.S.,  vol.  xxvii,  1871,  p.  400,  pi.  xvi, 
fig.  8). — I  have  previously '  referred  this  species  to  CtenocephcUue, 
and  probably  it  belongs  to  its  subgenus  Hartella,  as  Matthew '  has 
remarked,  and  resembles  C.  Matthewi,  Hartt  A  Scandinavian 
species  which  is  very  closely  allied,  or  may  be  only  a  variety  of 
C.  sohensis,  is  Conocoryphe  exatdane,  Linnarsson.^ 

a  ?  variolaris,  Salter  (Q.J.G.S.,  vol.  xx,  1864,  p.  236,  pL  xiii, 
figs.  6,  7).  —  The  characters  of  the  head-shield,  eyes,  and  facial 
sutures  at  once  remove  it  from  Conocoryphe,  sens.  str.  Salter 
compares  it  to  C  Ribeiro,  Barrande,  and  also  mentions  that  in  some 
respects  it  resembles  the  genus  Sao.  But  the  lobation  of  the 
glabella  is  very  different  to  that  in  Sao  hirsuta,  and  the  genal 
angles  are  furnished  with  definite  spines,  turned  slightly  outwards, 

^  Die  Silur.,  Etog.  2  and  3  (1882),  p.  98. 
»  Geol.  Mao.,  Dec.  IV,  Vol.  V  (l898),  p.  495. 
»  Trans.  Roy.  Soc.  Canada,  toI.  u  (1884),  p.  103. 

*  Brer,  Geol.  Undersokn.,  ser.  c,  No.  36,  Dm  Faunan  i  Kalken  med  Cono, 
€X9uUm8  (1879),  p.  16,  t.  ii,  f.  21,  22. 
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and  Dot  merely  pointed  as  in  that  species.  The  eje  is  also  smaller, 
and  there  is  no  oonlar  ridge.  There  are  seventeen  bodj-segments- 
ia  the  adult  Sao^  while  in  C.  ?  variolaris  there  are  only  thirteen 
preserved,  with  traces  of  a  fourteenth.  The  tnberculation  bears, 
however,  a  somewhat  close  resemblance,  bat  this  feature  b  not  of 
much  importance  in  determining  affinities. 

On  the  other  hand,  the  lobation  of  the  glabella  corresponds  with 
that  described  by  Angelin^  for  Solenoj^eura,  and  there  is  also 
a  coarse  though  not  so  abundant  tuberoulation  of  the  head-shield 
in  some  of  the  Scandinavian  species.  The  genal  angles  in  Soleno* 
pleura  appear  to  have  typically  borne  similar  spines.  The  convexity 
of  the  fixed  cheeks  which  Matthew  (op.  cit.)  emphasizes,  alsa 
existed  in  C.  ?  variolaris,  as  their  cracked  surface  shows,  and  in 
flie  type-specimen  it  is  crushed  in.  The  tubercle  on  the  neck* 
segment  is  also  present  as  in  Sohnopleura.  Though  in  the  descrip- 
tion of  the  species  it  is  said  the  pleursB  have  pointed  ends,  yet  in 
the  type-specimen  they  are  certainly  rounded  so  far  as  they  are 
preserved. 

On  the  whole,  it  does  not  seem  io  be  unnatural  to  assign  this 
species  provisionally  to  the  genus  Solenoplewra. 

a  ?  9eruma%8,  Salter  (Mem.  Qeol.  Surv.,  voL  iii,  1866,  p.  308, 
pL  vi,  fig.  13). — Brogger'  has  suggested  that  this  species  may 
oelong  to  Cyclognathus ;  but  though  the  forward  position  of  the 
eyes  seems  to  favour  this  view,  the  shape  of  the  free-cheeks  with 
their  pointed  genal  angles  forbids  its  acceptance.  The  general 
i^pearance  of  the  form  is  that  of  an  immature  individual  of 
Angelina  Sedgwicki;  but  it  may  be  a  distinct  species.  There  are 
only  twelve  body-rings  instead  of  fifteen;  the  genal  spines  are 
much  shorter,  and  the  eyes  are  more  forward  and  nearer  the  front 
end  of  the  glabella;  but  all  these  characters  might  be  due  to 
immaturity.  The  pygidium  is  unknown,  but  the  thoracic  segments 
have  similar  characters;  and  it  may  be  with  much  confidence 
referred  to  the  genus  Angelina, 

C.  vexata,  Salter  (Mem.  Qeol.  Surv.,  vol.  iii,  1866,  p.  807,  pL  viii, 
^g'  '^)* — ^Though  this  species  is  obviously  not  a  member  of  Cano^ 
coryphe  as  now  defined,  its  true  generic  position  is  doubtfuL 
Perhaps  it  belongs  to  the  OlenidsB,  but  even  this  is  uncertain. 

a  viola,  Woodward  (Q.J.G.S.,  vol.  xliv,  1888,  p.  74,  pi.  iv).— 
The  figures  and  description  of  this  form  suffice  to  remove  it  &om 
Conocoryphe,  sens,  str.,  but  its  features,  especially  its  facial  sutures, 
ate  so  peculiar  that  a  new  generic  title  seems  requisite. 

a  ?  WilliamBoni,  Belt  (Gbol.  Mag.,  Vol.  V,  1868,  p.  9,  PL  II, 
Pigs.  7-11). — This  species  belongs  to  the  Olenidse  and  probably  to 
the  subgenus  Parabolinella  of  the  genus  Olenus ;  the  course  of  the 
facial  sutures,  the  position  of  the  eyes,  and  other  characters  of  the 
head-shield  correspond,  but  only  two  pairs  of  furrows  on  the 
glabella  are  described.  The  thorax  rather  more  resembles  that  of 
Olenus,  sens,  str.,  than  that  of  Parabolinella,  and  the  pygidium  is 

1  Pal.  Scand.,  1854,  p.  26. 

2  Die  SUur.,  Etag.  2  and  3  (1882),  p.  HI. 
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somewhat  peculiar,  though  in  the  complete  margin  and  number  of 
segments  it  agrees  with  Parabolinella,  To  Olenus  used  in  a  generic 
sense  this  species  may  certainly  be  referred.  Salter's  ^  species  with 
the  same  name  is  distinct  from  Belt's,  but  belongs  to  the  Olenidse. 

From  the  above  revision  the  so-called  species  of  Conocoryphe  in 
Britain  should  be  designated  as  follows : — 


Euk>ma  ahditum. 

Solenopleura  applanata, 

Olenus  ?  bueephalut. 

Conocoryphe  {Bailiella)  hufo, 

CienoeepkaUu  eoronatut. 

Solenopleura  ?  depressa, 

Feltura,  8p.[ = C.P  eeome  ?  (Ang.),  Salter]. 

Conocoryphe  P  Homfrayi. 

Oletwides  humeroeue. 

Apatokephalus  invitus. 


Conocoryphe  Lyelli, 

Feltura  ?  mahemia. 

Eulofna  monile, 

Conocoryphe  ?  perdita, 

Olenus  (Parabolinella)  Planti. 

Olenus  [Cyclognathtu)  simplex. 

Ctenocephalus  {Sartella)  soheneis, 

Solenopleura  ?  variolaris, 

Angelina  verisimilis, 

Olenus  (Parabolinella^)  JFillianuoni. 


Olenus  (Parabolmella  P)  Umgispina, 

The  three  species  of  which  the  genera  even  are  doubtful  are 
C.  ?  olenoideB,  C,  vexata,  and  C.  viola.  But  none  of  these  three  can 
be  attributed  to  Conocoryphe,  and  their  true  position  must  be  left  to 
the  future  to  decide. 

The  distribution  of  the  tabulated  forms  is  as  follows : — 


Harlech  Series. 

Conocoryphe  Lyelli, 

Ctenocephalus  (Sartella)  solvensis, 
Mbmbtian. 

Solenopleura  applanata. 

Conocoryphe  (Bailiella)  bufo. 

Ctenocephalus  coronatus. 

Conocoryphe  ?  Homfrayi. 

Olenoides  humerosus. 

Conoeoryp/te  ?  perdita. 

Solenopleura  ?  variolaris. 
LvnoxTLA  Flags. 

Suloma  abditum. 


Olenus  f  bueephalus. 
Peltura,  ep. 
Apatokephalus  invitus. 
Olenus  (Parabolinella  P)  Umgispina, 
Peltura  ?  mahemia. 
Olenus  (Parabolinella)  Planti, 
Olenus  ICyelognathus)  simplex. 
Olenus  (Parabolinella?)  Williamsoni. 
Tremadoc. 
Solenopleura  ?  depressa. 
Euloma  monile. 
Angelina  verisimiHs, 


The  genus  Conocoryphe^  sens,  str.,  is  thus  seen  to  be  confined  in 
Britain  to  the  Lower  and  Middle  Cambrian  beds. 


v. — On  the  ogoubbenoe  of  a  Blub  Amphibole  in  a  Hornblende 

Eebsantite  from  Go.  Down. 

By  Henry  J.  Seymour,  B.A.,  F.G.S.,  of  H.M.  Qeological  Survey  of  Ireland. 

(Communicated  by  permission  of  the  Director-General.) 

roonneotion  with  the  revision  of  the  Silurian  area  in  Ireland, 
at  present  in  progress  by  the  staff  of  the  Irish  branoh  of 
the  G^logieal  Survey,  a  number  of  rook^speeimens  of  the  dykes 
ooonrring  on  the  ooast  of  Oo.  Down  were  lately  petrographioally 
examined  by  the  writer,  who  detected  in  one  of  the  slioes  a  blue 
amphibole  of  secondary  origin.  As  a  mineral  of  this  kind  was  not 
hitherto  known  to  ocour  in  ttM  in  Ireland,  it  may  be  of  interest  to 
put  its  discovery  on  record  here  and  to  give  also  a  few  details 
respecting  its  characteristics^ 

*  Cat.  Camb.  SiL  Foes.  Woodw.  Mus.,  1872,  p.  12. 
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The  rook  in  whioh  it  oconrs  appears  as  a  dyke  (in  Upper 
Silnrian  sediments)^  on  the  shore  one-eighth  of  a  mile  south  of 
the  point  where  the  letter  B  in  Sonth  Bay  is  engraved  on  the  map ; 
three  miles  south-east  of  Portaferry  (1"  sheet  49),  and  near  the 
spot  where  the  small  road  south  of  'Tara  Fort '  reaches  the  coastline. 
On  the  original  6  inoh  working  maps  of  the  Survey  it  is  represented' 
as  a  double  dyke,  with  the  ends  of  each  portion  in  parallel  contact, 
the  northern  limb  forming  a  semicircular  bend  in  the  middle  and 
enclosing  a  small  area  of  sedimentary  rocks.  The  combined  width 
of  the  two  portions  is  approximately  20  inches. 

In  the  hand-specimen  the  rock  is  of  a  dull  greyish-green  colour, 
and  possesses  a  medium-grained  crystalline  structure.  Bronzy  mica 
is  the  mineral  most  readily  noticeable,  and  a  few  octabedra  of 
magnetite  may  be  seen  with  the  aid  of  a  pocket  lens.  Its  specific 
gravity  was  found  to  be  2*85  in  its  present  slightly  decomposed 
condition.  Under  the  microscope  it  is  seen  to  consist  essentially  of 
a  dark  mica,  with  subordinate  green  hornblende,  and  an  aggregate 
of  felspar  crystals.  Accessory  and  secondary  minerals  also  present 
are  apatite,  magnetite,  a  blue  cunphibole,  chlorite,  and  several 
calcareous  pseudomorphs,  apparently  after  augite  or  hornblende 
phenocrysts,  more  probably  the  latter. 


MmBRALS. — Hh.  green  hornblende,     m.  biotite.     Ap,  apatite.     B,  amp,  blue 

amphibole. 

Fio.  1  shows  two  large  hornblende  phenocrysts,  with  additions  of  secondary  blue 
amphibole  on  some  of  their  terminal  faces,     x  45  diams. 

Fio.  2  shows  four  crystals  which  exhibit  the  typical  mode  of  occurrence  of  the 
blue  amphibole.  That  in  the  S.E.  quadrant  shows  a  basal  section  with  the 
clinopinacoid  of  the  primary  green  hornblende  replaced  by  the  blue  amphibole. 
The  crystal  in  the  S.W.  quadrant  shows  a  narrow  pale-blue  zone  between  the 
green  hornblende  and  the  normal  blue  amphibole.  x  45  diams. 
*  These  sediments  were  originally  regarded  as  Lower  Silurian.   The  recent  reTision 

fby  Mr.  F.  "W.  Egan),  however,  shows  them  to  be  Upper  Silurian.     Report  of 

Director-General  of  Geol.  Survey,  Appendix  to  44th  Report,  Dept.  of  S.  and  A., 

p.  366. 
'  By  Mr.  "W.  A.  Traill,  who  mapped  the  dykes  in  this  district.     See  Memoir  of 

Geol.  Survey  to  accompany  1"  sheets  49,  60,  and  61  (1871),  pp.  6  and  43. 
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The  biotite  forms  small  (about  0*40  mm.)  hypidiomorphio  crystals 
scattered  fairly  abundantly  and  evenly  throughout  the  slide.  Sections 
at  right  angles  to  the  cleavage,  planes  are  strongly  dichroic  (almost 
colourless  to  greenish  brown),  and  are  frequently  bent  into  curved 
forms.  Narrow  bands  of  caloite  are  occasionally  noticed  between 
the  lameUsd.  The  mineral  is  here  and  there  altered  to  chlorite  on 
its  edges,  and  also  to  a  less  extent  along  cleavage  cracks.  Sections 
parallel  to  the  basal  plane  give  a  uniaxial  interference  figure  and 
show  an  outer  rim  of  a  much  darker  colour  than  that  of  the  interior 
of  the  crystal. 

The  felspars  occur  in  medium  sized  allotriomorphio  crystals  which 
are  rather  altered  and  mostly  micropoikilitic  with  numerous  minute 
inclusions.  In  their  present  condition  the  exact  species  is  not 
satisfactorily  determiaable,  but  repeated  twinning  is  noticeable  in 
several  of  the  less  altered  crystals,  and  they  would  seem  to  be 
essentially  plagioclase. 

Apatite  is  an  abundant  constituent  in  the  rock,  and  occurs  as 
inclusions  in  the  biotite,  plagioclase,  and  in  the  green  hornblende. 

This  latter  mineral  is  also  hypidiomorphio,  and  appears  to  be 
slightly  posterior  in  date  to  the  biotite,  small  crystals  of  which 
it  sometimes  includes.  Sections  parallel  to  the  principal  axis  attain 
a  length  of  0*60  mm.  The  pleochroism  is  fairly  strong,  the  tints 
varying  from  yellowish  to  a  dull  dark  green.  Basal  sections  exhibit 
the  characteristic  six-sided  forms  with  well-defined  cross  cleavages 
intersecting  at  an  angle  of  about  124°.  The  blue  amphibole  occurs 
mostly  as  a  secondary  addition  to,  but  partly  also  as  a  replacement 
of,  the  primary  green  hornblende,  and  has  grown  in  crystallographio 
continuity  with  it.  The  cleavage  lines  are  usually  continuous  in 
both  varieties,  but  are  finer  and  sharper  in  the  blue  amphibole.  In 
most  cases  this  latter  is  added  to  the  clinopinacoidal  or  terminal 
planes  of  the  green  variety,  and  occurs  also,  but  less  often,  along 
oracks  in  the  interior  of  these  crystals.  The  secondary  enlargement 
is  quite  limited  in  extent  and  seldom  exceeds  0*10  mm.  in  greatest 
length,  the  average  being  rather  below  this  figure.  The  junction 
line  between  the  two  varieties  is  generally  distinct,  and  they  are 
also  sharply  marked  off  from  one  another  by  their  notably  different 
pleochroism.  Exceptionally  a  very  narrow  band  or  zone  of  material 
of  a  much  paler  blue  colour  than  the  normal  blue  amphibole  occurs 
between  the  latter  and  the  green  hornblende.  The  drawings  show 
the  characteristic  mode  of  occurrence  of  the  secondary  mineral  in 
question.  Owing  to  its  small  size  it  does  not  present  facilities  for 
satisfactorily  determiniog  its  optical  properties,  but  in  so  far  as 
it  is  possible  to  do  so,  they  would  appear  to  be  as  follows.  Sections 
approximately  parallel  to  the  clinopinacoid  show  that  the  extinction 
angle  is  about  15^,  and  that  this  takes  place  on  the  opposite  side 
of  the  vertical  axis  to  that  of  the  green  hornblende  to  which  it  has 
been  added.  Observations  with  the  quartz  wedge  appear  to  prove 
that  this  direction  of  extinction  corresponds  also  with  the  axis  of 
maximum  elasticity.  The  pleochroism  is  strong  and  is  as  follows : 
a  =  sky-blue,  b  =  pale  reddish-violet,  c  =  pale  yellowish.  The 
absorption  formula  is  a  >  b  >  c. 
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In  some  isolated  cases  the  blue  amphibole  shows  wavy  extinction 
under  crossed  nicols,  due  apparently  to  a  gmdual  change  in  chemical 
composition  during  its  formation.  It  was  found  impracticable  to 
isolate  material  for  chemical  analysis,  but  there  can  be  no  reasonable 
doubt  that  it  belongs  to  the  soda  amphibole  group  of  which 
riebeckite  and  arfvedsonite  are  typical  examples. 

The  occurrence  of  a  secondary  blue  amphibole  imder  conditions 
exactly  similar  to  those  just  detailed  above  has  been  described  by 
Dr.  Whitman  Cross  ^  in  the  case  of  an  allied  rock  from  Colorado. 
A.  C.  Lane'  also  records  a  similar  occurrence  in  a  syenite  from 
Michigan.  More  recently  J.  S.  Flett'  notes  the  presence  of 
a  secondary  blue  amphibole  in  cracks  in  crystals  of  hornblende  in 
one  of  the  lamprophyre  dykes  of  the  Orkney  Islands.  The  mineral 
from  the  Co.  Down  corresponds  so  closely  in  every  particular  with 
those  from  the  two  American  localities  aboved  cited,  that  the  writer 
has  little  hesitation  in  referring  it  to  the  same  species.  The  mineral 
described  by  Cross  has  been  called  crossite  by  Ch.  Pelaohe,*  who 
also  has  described  a  species  with  identical  optical  properties. 
Dr.  Cross,  however,  in  a  later  publication '  states  that  the  mineral 
in  question  is  considered  to  be  arfvedsonite  by  Dana,"  Brogger,^  and 
Bosenbusch.^  It  may  be  noted  further  that  Iddings,  in  his  trans- 
lation '  of  Hosenbusch's  work,  describes  the  secondary  amphibole  of 
Cross  in  the  context  between  glaucophane  and  riebeckite,  which 
position  the  at  any  rate  optically  similar  species  of  Pelache^^ 
occupies  by  virtue  of  its  intermediate  chemical  composition.  Bosen- 
busch  '^  notes  the  occurrence  of  a  blue  amphibole  in  a  minette  from 
Wachenback  in  the  Vosges,  the  rock  belonging  to  the  same  group  as 
the  Co.  Down  specimen. 

VI. — On   BffADINICHTSTS  JifOIfENSIS,  EgKBTON,  AND  ITS  DiSTBIBUTION 

IN  THE  Yorkshire  Coalfield. 
By  Edgar  D.  Wellburn,  L.R.C.P.,  F.G.S.,  F.E.I.P.H.,  etc. 

THIS  species  was  first  described  by  Sir  P.  De  M.  Grey  Egerton"  as 
PaUeoniscus  monensia,  in  1850,  from  detached  scales  from  the 
Coal-measures  of  Anglesey.  Subsequently,  Dr.  E.  H.  Traquair^' 
proved  that  the  proper  position  of  the  fish  was  in  his  genus  Bhadin- 
ichihya.  Up  to  this  date  only  detached  scales  had  been  known,  but 
in  the  paper  just  mentioned  Dr.  Traquair  described  specimens 
showing  many  points  in  the  structure  of  the  fish  which  had  been 

^  Amer.  Journ.  Sci.,  toI.  xxxix  (1890),  p.  359  et  seq. 
'  Amer.  Journ.  Sci.,  toI.  xlii  (1891),  p.  605. 

*  Trans.  Roy.  Soc.  Edinburgh,  vol.  mix  (1900),  pt.  i?,  p.  884. 

*  Bull.  Dept  Geol.  Univ.  California,  1894,  p.  181  etseq. 

»  16th  Ann.  Rep.  U.S.  Geol.  Survey,  1894-95,  pt.  ii,  p.  30. 

^  System  of  Mineralogy,  6th  edition,  1892,  p.  402. 

7  Die  Gesteine  der  Grorudit-Tinj^uait-Serie,  1894,  p.  33. 

'  Die  mikro.  Phys.  der  petro.  wichtigen  Min.,  3rd  ed.,  1892,  p.  667, 

*  Translation  of  the  last  work  by  Iddmgs,  1898,  p.  270. 

10  Loc.  cit,  p.  189. 

11  Mikro.  Phys.  d.  raassigen  Gesteine,  1896,  p.  510. 
"  Quart.  Journ.  Geol.  Soc.,  vol.  vi  (1850),  p.  5. 

"  Proc.  Roy.  Phys.  Soc.  Edinb.,  vol.  iv  (1878),  p.  241. 
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hitherto  unknown.  In  my  collection  there  are^auy ■  Tn^mentary 
remains,  collected  from  the  Yorkshire  Goal-measures,  which  show, 
among  other  interesting  points,  the  form  and  ornamentation  of  many 
of  the  bones  of  the  head  and  shoulder-girdle ;  while  one  more  nearly 
perfect  specimen  shows  well  the  form  of  the  fish  and  some  other 
points  in  its  anatomy  which  have  not  been  hitherto  described,  namely, 
the  relative  positions  of  the  dorsal,  anal,  and  ventral  fins,  the  former 
being  very  well  preserved  and  perfect. 

From  the  material  above  mentioned,  together  with  that  already 
described  by  Dr.  Traquair,  I  now  think  it  possible  to  give  a  fuller 
and  more  detailed  description  of  the  fish  than  has  hitherto  been 
possible. 

One  specimen  in  my  collection,  which  shows  the  fish  from  a  line 
drawn  obliquely  upwards  and  backwards  from  a  point  immediately 
behind  the  pectoral  fin  to  a  point  slightly  beyond  the  commencement 
of  the  caudal  fin,  would  represent  a  fish  about  ^b  mm.  to  60  mm.  in 
length;  but  other  fragmentary  remains  show  that  the  adult  fish 
reached  a  larger  size,  probably  about  90  mm.,  and  this  size 
corresponds  with  that  given  by  Dr.  Traquair. 

The  bones  of  the  head  appear  to  be  of  the  same  form  and  to  have 
the  same  arrangement  as  those  of  other  members  of  the  genus 
Bhadinichthya.  The  cranial  buckler,  as  shown  by  specimens  in  my 
collection  and  as  pointed  out  by  Dr.  Traquair,  is  ornamented  with 
**  tolerably  coarse  ridges,  passing  here  and  there  into  tubercles."  The 
opercular  bones  are  ornamented  in  a  similar  manner,  but  the  ridges 
appear  to  be  somewhat  finer,  not  so  frequently  interrupted,  and 
rather  more  irregular  in  arrangement.  On  the  maxillsd  the  ridges 
are  moderately  coarse,  are  interrupted  at  distant  intervals,  and  recur 
in  slightly  wavy  lines  more  or  less  parallel  with  the  inferior  border, 
which  does  not  show  any  signs  of  tuberculation.  The  mandible,  as 
pointed  out  by  Dr.  Traquair,  is  **  slender  and  tapering,  sculptured 
with  a  few  tolerably  coarse  ridges,  which,  as  usual,  pass  forwards  and 
also  obliquely  upwards  to  meet  the  dentary  margin  at  a  very  oblique 
angle."    The  teeth  are  small,  conical,  and  somewhat  incurved. 

The  bones  of  the  shoulder  -  girdle  are  of  the  usual  form  and 
arrangement,  and  are  sculptured  with  ridges  which  are  interrupted 
at  distant  and  irregular  intervals,  and  which  run  more  or  less 
parallel  with  the  borders  of  the  bones. 

The  body  is  elegantly  fusiform,  but  somewhat  elongated,  the 
greatest  depth  being  at  a  point  about  midway  between  the  occiput 
and  the  commencement  of  the  dorsal  fin,  the  depth  here  in  one 
specimen  in  my  collection  being  10  mm.  and  the  total  length  of  the 
fish  (when  perfect)  probably  about  50  mm.  From  this  deepest 
region  the  body  gradually  tapers  to  a  delicate  tail  pedicle. 

The  scales  on  the  nape  appear  equilateral ;  on  the  mid-flank  they 
are  slightly  higher  than  broad ;  on  the  belly  they  become  low  and 
narrow ;  and  posteriorly  they  get  gradually  smaller  and  more  nearly 
equilateral  until  on  the  tail  pedicle  they  assume  the  usual  lozenge- 
shaped  form.  The  scale  ornamentation  consists  of  (1)  a  few  sharply 
4)ut9  faint  striaa,  which  run  parallel  and  close  to  the  anterior  and 
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i&fldrior  borders,  and  (2)  foar  or  five  ridges  which  oommence  at  the 
posterior  denticulations  and  run  forward  for  some  distance  across 
the  scale,  the  ridges  becoming  somewhat  more  oblique  from  below 
upwards.  This  sculpture  is  most  strongly  marked  on  the  scales  of 
the  nape,  but  from  this  point  it  gradually  appears  to  become  fainter, 
the  strisB  parallel  with  the  anterior  and  inferior  borders  being  first 
lost ;  the  ridges  then  become  fainter  and  less  marked,  but  th» 
posterior  denticles,  although  they  become  less  in  number,  appear  to 
be  present  on  the  scales  far  back  on  the  body  near  the  tail  pedicle. 

The  pectoral  fin,  as  pointed  out  by  Dr.  Traquair,  appears  to  have 
been  "  of  moderate  size  and  its  principal  rays  unarticulated  until 
near  their  termination."  The  ventral  fins  are  not  well  shown  in 
any  specimen,  but  one  in  my  collection  shows  a  trace  of  one  of  these 
fins,  though  not  in  a  condition  to  permit  of  a  detailed  description : 
it  appears  to  have  been  small  and  delicate.  The  dorsal  fin  is 
beautifully  shown  in  the  specimen  mentioned  above :  it  commences 
at  a  point  very  slightly  in  advance  of  the  anal  fin,  the  two  fins 
being  nearly  opposed  to  each  other.  This  fin  is  of  moderate  size, 
acuminated,  concavely  cut  out  behind,  and  composed  of  delicate  ray  a 
which  dichotomize  distally,  the  terminal  branches  of  the  rays  being 
very  fine.  The  rays  are  distantly  articulated,  and  show  a  single, 
sharply  cut,  longitudinal  furrow.  The  anal  fin  in  the  same  specimen 
is  more  imperfect,  but  a  fin  of  similar  form  and  construction  is 
indicated.  The  caudal  fin  in  the  above  specimen  commences  at 
a  point  about  17  mm.  behind  the  commencement  of  the  dorsal  fiu, 
but  unfortunately  only  the  proximal  portion  of  the  fin  is  shown. 
According  to  Dr.  Traquair,  the  "  rays  are  delicate  and  their  articula- 
tions rather  distant.'' 


Rhadimehthyt  numenait,  Egerton.    Twice  natural  size. 
DF,  dorsal  fin;  af,  anal  fin ;  vf,  yentral  fin ;  tp,  tail  pedicle. 

In  the  Yorkshire  Coal-measures  this  fish  is  mostly  found  in  a  very 
fragmentary  oondition ;  but  it  has  a  wide  distribution,  and  occurs  m 
the  shale  above  the  following  coal-seams : — 


Digiti 


zed  by  Google 


B.  jr.  Hooky— A  New  Wealden  Tortoise.  263 

L  LOWEB  OOAIrUSASTTBXB. 

o.  Halifax  Soft-bed  Goal  (Shibden). 

5.  Halifax  Hard-bed  Coal  (QueenBbnry). 

«.  Better-bed  Coal  (Low  Moor  and  Wyke). 

d.  Blaok-bed  Coal  (Low  Moor). 

e.  Gannel  Coal  (Whitehall  Lane>  near  Low  Moor). 
/.  Crow  Coal  (near  Leeda). 

n.    MlDDLX  GOAL-MSASTTBBS. 

a.  Gannel  Coal  (Tingley). 

6.  Haigh  Moor  Coal  (Caatleford). 
e,  Bamslej  Thiok  Coal  (Bamsley). 

Ld  different  individnals  the  scale  soalptnre  shows  very  considerable 
differences  as  regards  the  strength  and  prominence  of  the  scale- 
markings,  the  soalpture  being  much  more  pronounced  in  the  case 
of  some  individuals  than  in  others  where  the  scales  seem  almost 
smooth.  Another  point  of  interest  is  that  in  the  young  fish  the 
▼entral  scales  do  not  appear  to  be  so  low  and  narrow  as  they 
are  in  the  more  adult  fish.  The  fish,  a  young  one,  which  has 
been  carefully  figured  above,  shows  this  well. 

YII. — Note  on  a  Tobtoiss  from  thk  Wealdbm  of  thb  Isle  of 

Wight. 
By  Bboinald  W.  Hoolbt,  Esq. 

IN  May,  1897,  a  fossil  tortoise  was  found  about  10  feet  above  low 
water-mark  opposite  Shepherd's  Chine,  by  Mr.  Wm.  White,  of 
Atherfield,  Isle  of  Wight.  It  came  into  my  possession  in  July  of 
last  year  (1899).  At  that  time  the  only  portions  clear  of  matrix 
were  the  sixth,  seventh,  and  eighth  costal  bones,  the  edges  of  the 
marginals,  and  the  epi-  and  hyoplastrals  nearly  to  the  notch ;  the 
matrix  is  a  fine  silt  containing  much  iron.  The  specimen  had  been 
subjected  to  long  attrition  by  the  sea.  A  very  thin  but  hard  seam  of 
whole  and  broken  Paludina  had  offered  a  stubborn  resistance,  as 
likewise  it  did  against  a  finely  pointed  and  tempered  chisel.  On 
the  surface  of  the  carapace  are  several  Cyprids  (sp.?)  and  the 
impression  in  section  of  Paludina, 

The  carapace  is  somewhat  distorted  and  flattened ;  in  its  present 
state  it  measures  12^  inches  long  from  AtoB  and  14f  inches  wide 
from  Cto  D;  in  life  its  shape  was  probably  ovoid.  A  semicircular 
piece  of  the  fifth  costal  on  the  left  side  and  the  greater  portion  of 
the  posterior  costals,  the  pygals,  and  posterior  marginals  have  been 
destroyed  by  the  sea  subsequent  to  the  fall  of  the  specimen  from 
the  clifl^  but  in  other  respects  it  is  remarkably  complete. 

The  neurals,  eight  in  number,  are  narrow  and  elongate,  some 
being  twice  as  long  as  broad.  There  are  eight  costals,  of  which  the 
second,  third,  and  fourth  have  been  depressed  beneath  the  rest  of  the 
carapace  to  the  extent  of  their  thickness,  and  outer  ends  of  the  first 
and  fifth  left  costals,  moreover,  have  been  forced  under  the  marginals. 
The  nuchal  is  emarginate  and  seems  to  be  divided ;  there  are  eight 
marginals  on  the  right,  with  a  portion  of  the  seventh  and  eighth 
wanting,  and  seven  on  the  left»  with  but  part  of  the  seventhjemaining. 
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The  Tertebral  shields  are  wider  than  long,  the  first  by  If  inches, 
the  seoond  and  third  by  1  inch,  the  fourth  by  \  inch.  The  area 
underlying  the  second  and  third  vertebral  shields  is  slightly  flated, 
that  under  the  others  is  smooth. 

The  entoplastral  is  wide,  and  rounded  anteriorly  and  posteriorly ; 
mesoplastrsJs  are  absent  The  suture  between  the  hypo-  and  die 
xiphiplastrals  commences  below  the  apex  of  the  sulcus  dividing  the 
anal  and  femoral  shields,  thence  it  ascends  and  terminates  nearly  at 
the  top  of  the  inguinal  notch.  The  sulcus  dividing  the  abdominal 
and  femoral  shields  is  entirely  on  the  hypoplastrals ;  it  ascends 
towards  the  hyoplastrals,  and  terminates  in  the  inguinal  notch. 
The  anal  shields  extend  on  to  the  hypoplastrals.  The  total  length 
of  the  plastron  is  12|  inches. 

From  the  above  particulars  I  conclude  that  the  specimen  belongs 
to  the  genus  PleBxochelys  (Riitimeyer).  It  differs  from  P,  valderuis 
by  the  very  slight  fluting  of  the  area  underlying  the  vertebral 
shields ;  indeed,  as  mentioned,  this  is  absent  except  under  the  second 
and  third.  It  can  be  distinguished  also  by  the  fact  that  the  vertebral 
shields  extend  only  one-third  across  the  costal  bones ;  in  this  respect 
it  agrees  with  P.  Brodiei.  The  shape  of  the  shields  differs  from  that 
seen  either  in  P.  Brodiei  or  P.  valdensis,  and  approaches  very  nearly 
to  the  form  characteristic  of  Pleuroatemum  concinnum.  The  shape  of 
the  nuchal  bone  is  different  from  that  of  the  other  species  mentioned, 
and  the  entoplastral,  instead  of  being  V-shaped  posteriorly,  is  rounded. 
The  suture  of  the  xiphiplastral  bone  in  P.  Brodiei  is  very  nearly 
horizontal,  whilst  in  the  specimen  now  described  it  ascends  and 
terminates  a  little  below  the  inguinal  notch. 

I  endeavoured  by  the  matrix,  the  Paludina  seam,  and  Cyprids  on 
the  surface  of  the  carapace  to  fix  the  exact  horizon  whence  the 
specimen  came,  but  after  diligent  and  careful  search  could  not  locate 
closer  than  it  is  within  the  49  feet  of  Wealden  shales  immediately 
overlying  the  sandstone  of  Gowlease  Chine  and  Barnes  High,  there- 
fore about  120  feet  more  or  less  below  the  Pema  Bed ;  but  if  the 
Cyprids  on  the  carapace  prove  to  be  Candona  Mantelli  (Jones)  this 
would,  I  think,  be  sufficient  to  fix  the  horizon  at  100  feet  below  the 
Pema  Bed  in  the  9  feet  of  shales  with  Candona  Mantelli  (Jones)  in 
the  section  on  p.  15,  Memoirs  of  Geological  Survey,  Isle  of 
Wight,  1889. 

My  amateur  examination  seems  to  point  to  this  being  a  new 

species;  if  it  be  so  I  would  suggest  PlesiochehjB  vectensis  as  its  name. 

Explanation  of  Paob-platb  Illustration  (p.  264  opposite). 

Fio.  1,  A.— The  carapace  (dorsal  aspect). 

Fio.  2,  B. — ^The  plastron  (ventral  aspect). 

ab.  Abdominal  shields.  hum,  Hnmeral  shield. 

an.  Anal  shields.  hpp,  Hypoplastral  plate. 

e  1-8.  Costal  plates.  hyp,  Hyoptastral  plate. 

e$  1-4.  Costal  scutes.  ig.  Intereilar  plate. 

mtp,  Entoplastral  plate.  n  1-8.  Neural  plates. 

ep,  Epiplastral  plate.  nu.  Nuchal  plate. 


/#m.  Femoral  shield.  xp,  Xiphiplastral  plate. 

g,  Gnlar  shield.  v  1-4.  vertebral  shield?. 

Ms  matrix. 
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YIII. — Thb  Stability  of  thb  Land  arouhd  Hudson  Bay. 
By  J.  B.  Ttbbbll,  P.G.S. 

IN  a  fonner  number  of  this  Magazine,  and  also  in  a  Report 
published  by  the  Geological  Survey  of  Canada,  I  showed 
reasons  for  believing  that  while  the  land  around  Hudson  Bay,  in 
the  northern  part  of  Canada,  had  undoubtedly  risen  several  hundred 
feet  in  Post-Glacial  times,  it  has  now  reached  a  condition  of 
stability  similar  to  that  of  the  land  along  the  Gulf  of  St  Lawrence 
and  on  the  eastern  seaboard  of  Canada. 

In  taking  this  position  I  was  obliged  to  combat  the  views  of  my 
friend,  Dr.  Bobert  Bell,  of  the  Geological  Survey  of  Canada,  who 
bad  stated,  and  who  has  since  repeated  the  statement  before  the 
G^logical  Society  of  America,  that  the  land  around  Hudson  Bay 
is  now  rising  at  the  rate  of  from  seven  to  ten  feet  in  a  century. 

Some  valuable  historical  light  has  just  been  thrown  on  this 
interesting  question  by  the  publication  of  Jens  Munck's  account 
of  his  expedition  to  Hudson  Bay  in  1619  a.d.,  translated  from  the 
Danish  and  edited  by  C.  C.  A.  Gosch,  and  published  by  the  Hakluyt 
Society  in  1897. 

Jens  Munck  entered  Hudson  Bay  eight  years  after  it  had  been 
discovered  by  Henry  Hudson,  and  as  far  as  is  known  he  was  the 
first  white  man  to  enter  Churchill  harbour,  on  the  west  side  of  that 
great  Bay,  or  inland  sea.  Here  he  spent  more  than  ten  months, 
from  the  7th  September,  1619,  to  the  16th  of  July,  1620 ;  but  as  his 
account  of  his  expedition  was  written  and  published  in  Danish, 
and  has  not  previously  been  translated  into  English,  it  has  remained 
almost  entirely  unknown. 

His  sailing  directions  for  entering  the  harbour  are  as  follows : — 
"  Whoever  desires  to  enter  the  harbour  must  leave  the  beacons  (on  the 
rocks  to  the  west)  to  starboard  and  sail  in,  steering  south-west 
A  little  way  inside  the  entrance  there  is  a  sunken  rock  under  the 
water,  but  on  the  eastern  side,  so  that  one  can  pass  it  without 
difficulty.     One  may  then  cast  anchor  in  7  or  8  fathoms." 

These  directions  were  written  nearly  three  hundred  years  ago,, 
and  they  describe  the  conditions  exactly  as  they  exist  at  present 
The  sunken  rock  is  still  in  the  eastern  side  of  the  channel,  so  that 
ships  must  keep  along  the  western  side.  As  that  rock,  in  1619,. 
was  a  menace  to  navigators,  it  could  not  have  been  more  than 
a  few  feet  under  water,  and  if  the  land  had  since  then  been  rising 
at  any  such  rate  as  from  7  to  10  feet  in  a  century,  it  would  now  be 
high  out  of  the  water.  A  difference  in  the  relative  elevation  of 
land  and  water  of  even  a  few  feet  would  have  made  a  great  difference 
in  the  character  of  this  channel,  but  instead  it  seems  to  have  been 
the  same  tl^en  as  now.  There  can  be  no  doubt  as  to  the  rook  meant 
by  Munck,  for  there  is  only  one  conspicuously  in  the  channel,  and 
the  banks  are  otherwise  very  regular. 

After  entering  the  outer  channel  the  depths  of  7  or  8  fathoms  in 
the  harbour  are  almost  precisely  the  same  as  those  shown  on  the 
chart  made  by  the  officers  of  the  Canadian  Government  in  1886^ 
namely  6  to  8|  fathoms. 
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Farthermore,  in  this  book  soTeral  plates  are  inserted,  one  of 
whioh,  opposite  p.  23,  shows  Ohnrohill  harbour,  and  Munok's  ships 
moored  near  its  western  side,  one  Danish  mile  (=^  English 
statute  miles)  from  its  entranoe.  The  ships  lay  on  the  tidal  flat, 
which  was  "nearly  900  fathoms  across,"  and  were  "not  farther 
firom  the  shore  than  about  12  or  14  fathoms."  They  evidently  lay 
a  short  distance  above  a  high  point  extending  down  to  the  shore  of 
the  harbour  firom  the  west,  and  their  position  was  therefore  some- 
where in  front  of  where  the  Hudson's  Bay  Company's  Trading  Port 
is  at  present  situated. 

The  plate  represents  a  bird's-eye  view  of  the  harbour,  and  shows 
it  very  much  as  it  would  appear  in  a  similar  view  at  the  present 
time,  and  not  at  all  as  it  would  appear  if  the  land  had  been  rising 
since  then  at  any  such  rate  as  from  7  to  10  feet  in  a  century,  or  say 
in  all  19-25  feet,  for  much  of  the  surrounding  land  is  so  low  that 
with  such  a  difference  in  elevation  large  areas,  which  are  now  dry 
land,  would  have  then  been  submerged. 

Mosquito  Point,  a  low  rocky  point  at  the  head  of  the  harbour, 
is  distinctly  shown  on  the  plate,  and  Fort  Prince  of  Wales  or 
Esquimaux  Point,  which  projects  beyond  the  mouth  of  the  harbour 
on  its  western  side,  is  clearly  seen  to  be  connected  with  the  more 
southern  portion  of  the  mainland,  as  it  is  now,  and  there  is  no  sign 
of  a  channel  across  the  connecting  neck  of  land,  though  the  land 
is  there  so  low  that  a  depression  of  a  few  feet  below  its  present 
level  would  cause  the  existence  of  a  wide  and  distinct  channel  here. 
Had  this  channel  existed  in  Munck's  time  there  can  be  little  doubt 
that  it  would  have  been  shown  on  his  map. 

As  these  are  the  oldest  historical  records  obtainable  of  the  former 
character  of  Churchill  harbour  they  are  of  considerable  geological 
interest,  and  they  are  clearly  in  line  with  the  arguments  which 
I  adduced  in  a  former  paper  in  this  Magazine,  that  during  the 
historical  period  there  has  been  no  determinable  change  in  the 
relative  levels  of  land  and  water  on  this  portion  of  the  western  shore 
of  Hudson  Bay. 

IX. — FlKSTFBUITS  OF  A  GEOLOGICAL  EXAMINATION  OF  SnOWDON. 
By  J.  E.  Dakyns,  Esq. 
ABS  longa,  vita  brevis.  This  is  especially  true  when  one  reaches 
the  age  of  64.  1  therefore  commit  to  paper  some  of  the  results 
of  a  geological  investigation  of  Snowdon  on  which  I  am  engaged. 
I  start  of  course  from  the  work  of  Messrs.  Bamsay  and  Selwyn 
embodied  in  the  Geological  Survey  Map  of  Snowdon  and  Bamsay's 
memoir  on  North  Wales.  To  make  what  I  have  to  say  clear  I  may 
state  that  the  rocks  of  Snowdon  are  by  Bamsay  and  Selwyn  divided 
into  three  principal  groups,  viz.:  A,  an  upper  felsitio  lava;  an 
intermediate  band  (B)  of  bedded  fossiliferous  rocks  of  Bala  age, 
containing  much  volcanic  material,  called  the  calcareo-felspathio 
ashy  series;  and  a  lower  mass  (C)  of  felsitio  rocks.  This  lower 
mass  is  in  some  places  divided  by  sedimentary  bands  consisting  of 
slates    and    grits.     Below    C    come  blue  slates  and  grits,  with 
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oooasional  Toloanio  bands,  D;    and  below  D  the  great  mass  of 
▼oloanio  rooks  (B)  whioh  form  Qlyder  Faoh  and  T  Tiyfan. 

1.  The  lower  Snowdonian  felstones  (C)  are  ooloured  on  the  map 
as  lavas,  and  are  always  spoken  of  as  snoh  in  the  memoir  on  North 
Wales.  In  many  places,  however,  they  are  not  lavas,  but  frag- 
mentary rocks.  Their  fragmentary  character  may  be  seen  (to 
mention  a  few  localities)  in  Cwm  Llan,  especially  west  of  the  copper 
vein  not  far  from  the  stone  erected  in  honoor  of  Gladstone,  and  also 
near  the  footpath  leading  from  Bhyd-dhu  to  Snowdon  some  five 
hundred  yards  or  so  beyond  the  half-way  house.  These  rocks,  C,  in 
fact,  consist  of  three  kinds : — First,  massive  undeaved  rooks  showing 
fluxion  structure  and  in  some  places  columnar;  these  are  un- 
doubtedly lavas:  secondly,  compact,  often  dose-jointed,  rocks  of 
a  smooth  fracture,  somewhat  like  lava,  but  without  fluxion  structure; 
these  are  probably  tuffs  or  masses  of  consolidated  felsitic  dust: 
thirdly,  highly  cleaved  felsitic  rooks.  These  last  are  in  some  places 
obviously  of  a  fragmentary  character,  but  more  often  not  so ;  and 
in  such  cases  it  is  difficult  to  say  whether  they  are  so-called  volcanic 
ash  or  cleaved  lavas.  As  the  obviously  fragmentary  rocks  are  part 
and  parcel  of  them,  my  own  opinion  is  that  they  consist  mainly  of 
ash ;  but  to  settle  this  question  definitely  microscopic  examination  is 
needed.  A  slice  cut  from  one  of  these  fine  and  highly  cleaved 
felsitic  rocks  shows  (as  Mr.  Greenly  tells  me)  certain  small  aggre- 
gates with  igneous  structure,  which  look  much  more  like  fragments 
than  surviving  augen  from  such  rocks  as  the  Bala  felstones.  The 
rock  also  contains  a  considerable  quantity  of  calcite,  much  more  than 
could  be  expected  from  the  felsitic  lavas  in  question,  none  of  which 
liave  yielded  so  much  as  *5  per  cent,  of  lime  (Harker,  "Bala 
Volcanic  Series,"  p.  13).  It  is  probable,  therefore,  that  the  rock  is 
a  felsitic  tuff  or  dust 

2.  Ramsay  has  pointed  out  on  p.  150  of  ''The  (Geology  of 
North  Wales  "  how  difficult  it  is  to  fix  on  a  boundary-line  between 
these  lower  felsites  and  the  overlying  series  (B)  on  the  ridge  of 
Llechog,  west  of  the  peak  of  Snowdon,  because  both  are  felspathio 
and  both  cleaved.  In  my  opinion  the  difficulty  is  due  to  the  fact 
that  both  are  ashes ;  but  I  have  not  yet  had  any  specimen  from 
this  locality  sliced  and  examined.  In  many  places,  the  lower  rocks 
look  to  me  like  the  *  altered  ashes '  of  the  Lake  Country. 

3.  Not  only  are  the  lower  felsites  often  intensely  cleaved,  but 
a  very  striking  peculiarity  about  them  in  many  places  is  their 
sheared  appearance;  they  are  often  more  than  cleaved,  they  are 
sheared  (or  even  to  a  slight  extent  foliated^),  so  much  so  as  in 
some  places  to  remind  me  of  the  quartz-schist  of  the  Western 
Highlands,  lliis  quasi-foliated  appearance  is  (among  other  places) 
remarkable  alongside  the  road  from  Rhyd-ddu  to  Beddgelert 

4.  The  great  mass  of  these  rocks  (C)  is  quite  devoid  of  bedding. 
In  fact,  their  unbedded  character  is  the  chief  distinction  between 
them  and  the  overlying  series.  At  the  same  time,  it  is  not  always 
easy  to  fix  upon  a  good  line  of  demarcation  between  the  two,  as 

'  The  diviBional  planes  are  coated  with  thin  sheets  of  *  sericitic '  mica. 
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the  lower  rooks  are  bedded  near  the  top ;  or  perhaps  one  should 
soy  it  is  in  places  convenient  to  inclade  some  well-bedded  rocks 
with  the  lower  group  for  the  sake  of  carrying  on  a  line.  In  some 
places,  however,  lines  of  bedding  are  to  be  seen  in  the  heart  of  the 
group  (G).  This  is  the  case  just  above  Glaslyn,  on  the  north  side 
of  the  tarn,  where  the  rocks  are  of  an  ashy  nature,  and  are  dipping 
at  60°  to  the  W.S.W.  near  a  fault. 

5.  Immediately  south  of  the  outflow  of  Llydaw  there  are  some 
curious  greenish  rocks  of  a  fragmentary  character,  in  which,  however, 
one  can  rarely  find  any  distinct  bedding.  They  occur  apparently 
at  the  base  of  the  calcareous  series  (B),  though  very  unlike  the 
basement  beds  of  that  series  seen  hard  by,  and  seem  to  wrap  round 
the  upper  part  of  C,  partly  owing  to  a  roll  over,  but  chiefly  from 
their  having,  as  it  seems  to  me,  been  deposited  against  and  around 
a  boss  of  the  lower  felsitio  rocks.  They  include  one  or  two  bosses 
of  an  intrusive  rock  also  of  a  greenish  hue,  which  are  probably 
connected  with  the  great  mass  of  diabase  that  forms  Glogwyn  Aderyn 
and  Clogwyn  Pen-llechen. 

6.  I  may  state,  as  I  have  not  seen  it  mentioned  anywhere,  that 
the  beds  B  are  often  beautifully  false-bedded,  or,  as  I  prefer  ta 
say,  cross-bedded.    This  is  well  seen  in  Gwm  Glas. 

7.  In  the  same  Gwm  the  base  of  the  upper  felstone  (A)  is  plainly 
to  be  seen  mnning  down  northward  from  the  ridge  of  Grib-y-ddysgl 
to  the  northern  end  of  Glogwyn  Person;  and  it  is  here  manifest 
that  the  felstone  lies  in  a  hollow  in  the  underlying  beds  (B),  for 
it  is  in  contact  with  higher  beds  of  B  on  the  ridge  than  at  the  north 
end  of  Glogwyn  Person,  where  the  junction  of  the  two  rocks  is 
dearly  seen  to  be  a  natural  and  not  a  faulted  one. 

8.  On  Grib  G^h  the  upper  felstone  consists  entirely  of  a  mass  of 
blue  close-grained  columnar  felstone  showing  lines  of  viscous  flow. 
On  Grib-y-ddysgl  the  rock  consists  of  two  distinct  parts,  separated 
by  a  thin  band  of  slate  or  cleaved  tuff.  The  lower  part  is  a  massive, 
but  not  always  columnar,  felspathic  rock,  containing  on  the  ridge 
calcareous  seams  interbedded  with  it  near  its  base.  This  is  succeeded 
by  a  thin  seam  of  cleaved  tuff,  inconstant  in  occurrence,  overlaid  by 
a  columnar  felstone  exactly  like  the  rock  of  Grib  Goch. 

The  section  at  the  base,  seen  on  the  Gwm  Glas  side  of  the  ridge, 
is  very  interesting.  The  interbedded  calcareous  seams  are  bent 
over  thus : — 

^  N 

B    -4 


as  if  (after  oocsolidation)  the  rock*  had  been  thrust  from  north  to 
south  over  the  underlying  slates  and  ashes,  against  which  its  layers 
had  dragged  at  the  junction.    I  have  not  yet  traced  the  outcrop  of 
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the  tbmst  plane,  but  it  cannot  ooinoide  throni^boot  with  the  janotion 
of  A  and  B,  becaase,  as  stated  above,  that  janotion  is  at  Glogwys 
Person  a  natural  one. 

In  the  figure,  which  is  merely  a  diagram,  the  curved  lines  in  A 
represent  calcareous  seams  in  the  felstone;  and  in  B  the  gentty 
sloping  lines  represent  bedding,  and  the  vertical  lines  cleavage. 

9.  I  had  long  years  ago  noticed  some  peculiar  vesicular  rocks  in 
tbe  calcareo-asby  series,  wbich  puzzled  me.  It  was  Sir  Archibald 
Geikie  who  first  pointed  out  tbat  there  were  andesites  on  Snowdon. 
After  reading  bis  account  of  these,  I  examined  tbe  rooks  in  tbe 
places  on  Snowdon  mentioned  by  him,  and  tben  found  tbat  these 
andesites  were  one  and  tbe  same  with  my  peculiar  vesicular  rooks, 
so  I  set  about  mapping  them,  and  very  useful  I  have  found  them 
in  showing  where  faults  do  and  do  not  occur.  In  doing  this  work 
I  have  found  and  partly  mapped  several  rocks  tbat  bear  a  family 
likeness  to  one  another;  some  of  them  are  not  vesicular,  and 
I  fancy  may  be  fine-grained  andesitic  tuffs;  but  whether  tuffs  or 
lavas,  they  form  a  group  of  similar  rocks  distinct  from  the  rocks  amid 
which  they  occur.  They  are  characterized  by  a  splintery  fracture, 
smooth  texture,  dull  grey  colour,  rusty  weathering,  and  are  often 
highly  cleaved.  Most  of  the  specimens  examined  show  under  tbe 
hand  lens  the  characteristic  ''  tracbytic  meshwork  of  minute  felspar 
laths."  At  present  I  look  upon  them  as  contemporaneous  inter- 
bedded  rocks:  there  are,  however,  places  where  they  might  be 
supposed  to  be  intrusive,  but  perhaps  this  is  a  deceptive  appearance 
due  to  faulting.     I  do  not  know  yet  about  this. 

Tbe  regions  where  I  have  mapped,  or  commenced  mapping,  them 
are  on  the  flanks  of  Crib-y-ddysgl  and  beneath  tbe. peak  of  Snowdon, 
both  above  Glaslyn  on  one  side  and  at  tbe  head  of  Cwm  Clogwyn 
on  tbe  other,  and  on  the  ridge  leading  from  tbe  summit  of  Uie 
mountain  to  Bwlcb-y-maen.  I  suspect  from  what  I  have  lately 
seen  (in  unfavourable  weather)  that  similar  rooks  also  occur,  as  is 
but  natural  they  should,  in  tbe  calcareous  series  south-east  of 
Lliwedd,  and  I  know  that  a  rock  of  this  description  forms  Clogwyn- 
y-gysgfa  on  the  east  side  of  the  road  from  Pen-y-gwryd  to 
Beddgelert. 

Tbe  andesitic  rocks  lie  chiefly  in  the  calcareous  series  (B),  but 
one,  a  well-marked  lava,  which  I  had  mapped  as  such  before  I  knew 
anything  about  andesites,  occurs  amid  the  lower  felsitio  rocks  (C) 
near  tbe  bead  of  tbe  rocky  spur  called  the  Gribbin  or  Griman, 
which  runs  down  to  tbe  foot  of  Glaslyn  from  the  south.  I  see  that 
tbe  tracing  of  these  beds  will  necessitate  a  modification  of  some  of 
tbe  lines  on  tbe  Survey  map. 

10.  As  far  as  I  know,  all  tbe  intrusive  rocks  coloured  as  Green- 
stones on  tbe  Geological  Survey  map  are  Diabases;  but  there  are 
others  of  a  different  character,  which  are  not  shown  on  the  Survey 
map,  to  wit,  a  boss  of  igneous  rock  of  an  apparently  intermediate 
but  variable  character  (as  I  am  informed  by  Mr.  E.  Greenly)  on  tbe 
south  side  of  Cwm  Dyli,  a  mass  of  Diorite  below  Caer-gors  (rather 
more  than  a  mile  from  Rhyd-dhu  station),  and  several  sills  and 
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^yket  of  an  intermediate  oharaoter  on  Mynydd  Drws-y-ooed.  I  may 
as  well  say  at  onoe  that  the  mineralogioal  oharaoter  of  all  the 
above-mentioned  rooks,  as  well  as  of  others  not  mentioned,  were 
determined  ^  for  me  by  my  friend  Mr.  E.  Greenly,  to  whose  great 
kindness  in  naming  my  speoimens  my  warmest  thanks  are  due. 

There  are  also  some  intrusiTe  felstones,  bosses,  and  dykes  in  the 
Snowdon  area.  One  of  these  I  have  already  mentioned  in  a  note  to 
the  British  Association  at  Bristol.  It  is  an  oblong  mass  of  felstone, 
showing  lines  of  visoous  fiow  parallel  to  its  north-western  face,  and 
mdely  oolamnar  perpendionlar  to  that  faoe,  exactly  like  the  felstone 
of  Orib  Goch,  and  not  like  any  part  of  the  lower  felsitio  rooks  of  the 
immediate  neighbonrhood.  I  take  it  to  be  a  plug  and  root  of  the 
Crib  Gk>ch  lava.     It  ocoors  between  Glaslyn  and  Bwlch  Qooh. 

On  the  ridge  called  Lleohog,  that  bounds  Cwm  Glogwyn  on  the 
south,  a  band  of  compact  uncleaved  felstone,  running  N.W.  and  S.E., 
stands  up  as  a  dyke  amid  the  cleaved  felsitio  rooks  (C).  In  the 
Cwm  also  a  felstone  dyke  running  W.N.W.  and  E.S.E.  is  seen 
rising  up  the  cliff.  This  may  possibly  be  the  lower  part  of  the 
dyke  mentioned  above.    I  have  not  decided  about  this  yet 

I  may  remark  that  the  existence  of  felstone  dykes  amid  the 
Snowdonian  rocks  is  a  discovery,  for  none  such  have  been  hitherto 
recognized. 

11.  The  great  masses  of  diabase  that  occur  so  plentifully  in  the 
neighbourhood  of  Snowdon  are  generally  massive  rocks  quite 
uncleaved,  but  they  are  often  cleaved  or  sheared  along  their 
margins.  Bamsay  remarks  on  this  feature,  and  says,  on  p.  157  of 
"The  Geology  of  North  Wales" :  "At  its  junction  with  the  felspathio 
porphyry  the  greenstone  is  often  partially  decomposed ;  its  crystal- 
line character  is  gone  (probably  from  rapid  cooling  at  its  sides),  and 
it  possesses  a  flaky  structure  to  so  great  an  extent  that  it  sometimes 
looks  like  some  of  the  cleaved  dark-green  calcareous  ashes,  or  in 
other  cases  assumes  an  appearance  of  a  more  slaty  description." 
This  is  an  excellent  description  of  the  diabase  along  its  margin,  but 
there  is  evidently  some  confusion  between  the  phenomenon  of 
a  chilled  edge  and  that  of  marginal  cleavage  or  schistosity,  which 
must  (as  it  seems  to  me)  be  due  to  movement  or  pressure.  The 
same  sort  of  thing  occurs  in  the  Scottish  Highlands,  where  masses 
of  basic  rock  among  the  schists  are  sheared  along  their  margins, 
though  in  the  Highlands  the  rock  is  generally  reconstructed. 
Besides  the  above-noted  deformation  along  their  margins,  the 
diabases  are  in  some  localities  deformed  and  rendered  schistose,  or 
something  very  like  it,  throughout  nearly  their  whole  extent 
I  first  noticed  this  in  Cwm  Llan,  on  the  south  side  of  Snowdon, 
and  took  Mr.  Greenly  to  see  it,  so  different  in  appearance  was 
the  rock  from  that  of  the  ordinary  run  of  diabases.  A  precisely 
similar  rock  occurs  on  the  west  side  of  Snowdon  near  Llyn  Nadroedd. 
On  the  Geological  Survey  map  a  large  mass  of  greenstone  is 
represented  there,  but  it  really  consists  of  two   separate  masses 

*  Only  a  few,  however,  have  yet  been  sliced. 
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of  intrnsive  rock  parted  by  a  band  of  felsite  about  seventy  yard» 
wide.  The  upper  of  these  is  a  massive  unsheared  diabase  of  the 
ordinary  type.  The  lower  is  exactly  like  the  Cwm  Llan  rook,  with 
which  it  is  doubtless  connected  underground.  Both  of  these  massea 
(viz.,  the  Cwm  Llan  rock  and  the  lower  of  the  basio  rocks  near  Llyn 
Nadroedd)  are  highly  complex,  including  a  considerable  variety  of 
material,  of  the  mutual  relations  of  which,  as  well  as  of  their 
relation  to  the  surrounding  rocks,  I  hope  to  be  able  some  day  to  give 
a  detailed  account.*  The  bulk  of  the  rock  is  a  dark-green  schist, 
with  a  highly  developed  parallel  structure  and  a  fine  silky  lustre  on 
the  foliation  planes.  Under  the  microscope  the  rock  is  seen  to  be 
completely  reconstructed  and  recrystallized,  to  be  a  finely  felted  or 
schistose  aggregate,  in  fact,  a  perfect  crystalline  schist  Chlorite, 
indeed,  forms  the  bulk  of  the  rock,  with  granules  of  epidote, 
magnetite,  and  leuooxene ;  but  some  specimens  are  largely  composed 
of  minute  needles  with  a  much  higher  double  refraction  thau 
chlorite,  which  can  hardly  be  anything  but  a  pale-green  hornblende^ 
produced  apparently  at  the  expense  of  the  chlorite,  and  the  result 
therefore  of  a  more  advanced  stage  of  metamorphism.  A  curious 
feature  is  the  presence  in  some  of  these  schists  of  a  large  number 
of  small  concretions  (up  to  the  size  of  large  peas).  These  are 
composed  of  a  quartz  mosaic,  with  generally  a  border  of  radially 
arranged  needles  of  a  green  mineral,  chiefly  chlorite,  though  horn- 
blende is  also  present.  Some  are  perfect  little  radial  spherulites. 
Many  of  these  concretions  can  be  seen  to  cut  sharply  across  the 
foliations,  and  no  sign  of  strain  has  been  observed  in  their  minerals, 
80  that  it  is  clear  that  they  are  not  amygdules,  but  that  they  have 
grown  since  the  last  deforming  stresses  to  which  the  rock  wa» 
subjected. 

The  character  of  these  rocks  is  so  diflferent  from  that  of  any  other 
of  the  Snowdonian  rocks  that  the  thought  crossed  my  mind  whether 
they  might  not  be  a  boss  of  ArohsBan  rocks  sticking  up  in  the  valley 
bottom;  but  this  idea,  to  say  nothing  of  the  structural  diffioultiee, 
was  negatived  by  finding  that  the  metamorphic  rock  enveloped 
masses  of  grit,  and  was  therefore  intrusive. 

12.  Before  closing  this  summary  of  my  work,  I  may  as  weU 
mention  that  there  is  a  mass  of  basic  intrusive  rock,  not  shown  ott 
the  (Jeological  Survey  Map,  amid  the  rooks  of  the  calcareous  seriea 
S.  by  E.  from  Cwm  Dyli  waterfall  and  nearly  opposite  Qwastad 
Agnes,  which  I  have  not  yet  mapped ;  and  that  I  have  found  and 
mapped  a  boss  of  diabase  of  the  Siabod  type,  not  shown  on  the 
Survey  Map,  from  450  to  700  yards  N.N.W.  of  Pen-y-gwryd. 

I  find,  too,  that  the  upper  part  of  the  felstones  of  Qlyder  Fach  on 
the  southern  slope  of  the  hill  consist  of  breccias  which  pass  up 
gradually  into  grits. 

13,  In  conclusion  I  will  briefly  state  the  chief  things  discovered 
by  me  in  the  Snowdon  area :  these  are,  first,  the  fact  that  much  of 

*  The  following  minera'.ogical  description  has  been  commnnlcatel  to  me  by 
Mr.  E.  Greenly. 
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the  lower  felsitio  rook  spoken  of  as  lava  is  really  of  a  fragmentary 
character;  secondly,  the  existence  of  dykes  and  intrusive  masses  of 
felstone ;  and  thirdly,  the  highly  metamorphic  rocks  of  Gwm  Llan 
and  Llyd  Nadroedd.  These  three  things  are  all  new.  Fourthly,  the 
occurrence  of  diorite  in  the  Snowdon  area  is  a  discovery. 


X. — Diagram  of  Composition  of  Igneous  Books. 
By  H.  Warth,  Esq. 

RECENT  studies  about  the  average  chemical  composition  of  larger 
numbers  of  igneous  rocks  in  the  aggregate  have  shown  that 
figures  obtained  from  any  one  hundred  or  more  samples  are 
very  similar,  in  fact  practically  equal.  (See  A.  Barker,  "On  the 
Average  Composition  of  British  Igneous  Bocks " :  Qkol.  Maq., 
No.  V,  May,  1899.)  This  will  be  found  also  the  case  when  com- 
paring the  following  average  which  I  calculated  from  the  analysis 
of  igneous  rocks  compiled  by  Both  in  his  "  Petrographie  der 
plntonischen  Gesteine." 

Now  if  it  is  of  interest  to  discuss  these  average  results,  notwith- 
standing the  wide  discrepancies  of  many  individual  compositions, 
it  may  also  be  worth  while  to  find  out  how  on  the  average  the 
compositions  vary  with  the  relative  acidity  of  the  rocks.  For  this 
purpose  I  have  arranged  the  bulk  of  Both's  samples  in  the  order 


DiAORAM-FlO.  1. 


of  acidity,  and  after  calculating  average  compositions  of  eighteen 
groups  of  closely  approaching  acidity,  I  constructed  from  the  figures 
the  subjoined  diagrams.  The  first  diagram  (Fig.  1)  shows  the  i^nal 
results,  the  second  (Fig.  2)  shows  them  rounded  off. 
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The  peroeniage  of  silica  varies  from  80  to  40,  and  the  usual 
limits  between  acid,  intermediate,  and  basic  rocks  are  indicated  by 
the  vertical  lines  on  the  diagrams.  The  diagrams  show  the  per- 
centage of  the  different  bases  which  corresponds  with  the  percentage 
of  silica  indicated  on  the  straight  diagonal  boundary-lines  of  the 
silica  which  rise  from  the  points  marked  80  per  cent  on  the  left  of 
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Diagram-Fig.  2. 


each  diagram  to  the  points  marked  40  per  cent  on  the  right  of  each 
diagram.  As  it  would  not  be  possible  to  give  so  many  details  on 
the  diagram,  small  quantities  of  other  acids  have  been  reckoned 
with  the  silica  and  treated  as  such.  These  acids  are  titanic  acid, 
phosphoric,  carbonic,  and  in  rare  cases  also  sulphuric  acid.  In  the 
case  of  the  bases  I  also  included  the  manganous  oxide,  and  a  few 
other  rarer  metallic  oxides  with  the  ferrous  oxide.  The  total  number 
of  specimens  which  were  calculated  amounted  to  428.  About  sixty- 
six  of  Roth's  analyses  were  omitted,  partly  because  they  referred 
to  strongly  weathered  specimens,  and  partly  to  exclude  serpentines 
and  some  other  more  purely  magnesian  silicates.  The  specimens  as 
given  by  Both  are  from  generally  distributed  localities,  and  the 
Allowing  are  the  compositions  of  extremes  and  of  the  total  average 
in  numerical  figures : — 


Si 

Al 

Fe 

Fe 

Mg 

Ca 

Na, 

Ka 

H, 

Most  acid... 

...    79-7 

11-4 

1-1 

0-3 

0-7 

0-9 

2-6 

2-6 

0-8 

Most  bade 

...     40-0 

12-3 

10-2 

6-8 

14-2 

10-6 

31 

1-2 

2-3 

Average   ... 

...     68-3 

16-8 

6-0 

3-6 

4-0 

5-9 

8-4 

30 

1-6 
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The  dictgrams  show  the  alumina  to  be  nearly  constant,  only 
filightly  diminishing  towards  both  extremes.  The  soda  is  also 
tolerably  constant,  diminishing  slightly  at  both  ends.  The  potash 
is  decidedly  stronger  at  the  acid  end,  whilst  the  other  oxides 
increase  from  left  to  right  so  as  to  show  quite  a  fan-like  expansion 
from  the  acid  end  towards  the  basic  end. 

The  diagrams  show  also  that  the  arbitrary  boundaries  between 
acid,  intermediate,  and  basic  rocks  are  very  suitably  chosen. 


I^  E  "V"  I  E  ^W  S- 


BOLLETTINO  BELLA.   SOOIBTA    SlSMOLOGIOA   ItALIANA.,   Vol.   V 

(1899-1900). 

EXCLUDING  two  bibliographical  notices,  the  present  Tolame 
contains  nineteen  papers,  of  which  all  are  interesting  and  one 
is  important  In  addition,  is  the  catalogue  of  earthquakes  recorded 
in  Italy  during  the  year  1898,  compiled  by  Dr.  Q.  Agamennone  and 
his  successor  Dr.  GancanL  The  value  of  this  work  is  abiding,  and 
increases  with  every  fresh  year  of  its  existence. 

If  we  may  judge  from  this  volume,  the  recent  energies  of  Italian 
seismologists  have  been  directed  less  to  the  invention  of  new 
instruments  and  more  to  the  study  of  their  records.  Nevertheless, 
Drs.  Yicentini  and  Pacher  have  made  an  important  addition  in  the 
form  of  a  vertical  component  mioroseismograph.  The  paper  in 
which  it  is  described,  and  the  representations  of  some  of  its  records, 
are  most  interesting.  Dr.  G.  Agamennone  has  devised  a  new 
seismoscopic  clock,  and  Dr.  G.  Pericle  one  more  seismoscope. 

Professor  A.  Eiccd,  of  Catania,  gives  a  summary  of  a  report  on 
the  destructive  earthquake  of  November  16,  1894,  in  Calabria  and 
Sicily,  and  on  its  relations  with  the  earthquakes  of  1783.  From  the 
fiame  writer  we  have  also  an  account  of  the  Etnean  earthquake  of 
May  14,  1898.  Dr.  Agamennone  describes  the  Balikesri  (Asia 
Minor)  earthquake  of  September  14, 1896,  the  Apennines  earthquake 
of  March  4,  1898,  and  the  Modena- Bologna  earthquake  of 
February  2,  1900;  while  Dr.  Cancani  studies  the  Latian  earth- 
quake of  July  19,  1899.  In  connection  with  barisal  guns 
Professor  Issel's  supplementary  paper  on  the  Umbria  Marches 
earthquake  of  December  18,  1897,  is  deserving  of  study. 

Professor  Mercalli  contributes  observations  on  Vesuvius  (July- 
December,  1898),  and  Mr.  R.  V.  Matteucci  others  on  the  Italian 
volcanoes  generally.  On  July  19  and  25,  1899,  violent  explosions 
occurred  in  the  central  crater  of  Etna ;  these  are  carefully  described 
by  Mr.  S.  Arcidiacono,  and  their  effects  on  the  condition  of  the 
crater  by  Mr.  A.  Mascari.  C.  Davison. 
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Okologtoal  Sooiett  of  London. 

I.— March  21, 1900.— H.  W.  Monckton,  Esq.,  F.L.S.,  Vioe-Preeiden^ 
in  the  Chair.    The  following  oommanications  were  read : — 

1.  "On  a  Bird  from  the  Stonesfield  Slate."  By  Professor  H.  Q- 
Seeley,  F.B.S.,  P.L.S.,  V.P.G.S. 

During  his  residence  at  Oxford  the  late  Earl  of  Enniskillen  made 
a  collection  of  Omithosaurian  bones  from  Stonesfield,  which  was- 
acquired  by  the  British  Museum  in  1866.  Among  these  is  one 
identified  by  the  author  in  1899  as  the  right  humerus  of  a  bird 
about  as  large  as  a  flamingo.  The  bone  is  complete,  except  for 
fracture  through  the  proximal  articulation,  and  the  specimen  is  on 
the  whole  weU  preserved.  The  chief  characters  available  for  com- 
parison are  the  form  of  the  shaft,  the  character  of  the  proximal  end, 
especially  the  ulnar  tuberosity  and  the  radial  crest,  and  the  form  of 
the  distd  end.  The  character  which  first  showed  the  fossil  to  be 
a  bird  was  the  ulnar  tuberosity ;  probably  the  flamingo  approaches 
as  closely  as  any  living  genus  to  the  Stonesfield  fossil  in  this  feature. 
The  radial  crest  shows  affinities  with  those  of  the  flamingo  and  the 
eider-duck.  The  impression  left  by  the  humero-cubital  muscle  on 
the  external  surface  above  the  condyles  is  almost  identical  with 
that  seen  in  the  flamingo.  "The  varied  affinities  of  this  large 
Oarinate  bird  appear  to  lie  midway  between  the  ducks  and  geese  on 
the  one  side,  and  the  herons  and  flamingos  on  the  other.  It  may 
be  placed  in  a  new  family;  but  its  characters  are  in  all  respects 
such  as  might  have  occurred  in  an  existing  bird.  There  is  no 
indication  of  affinity  to  the  Archaopieryx,  or  that  the  bird  diverged 
in  any  way  from  modem  types." 

2.  "The  Lower  Ludlow  Formation  and  its  Qraptolite-Fauna." 
By  Miss  Ethel  M.  R.  Wood.  (Communicated  by  Prof.  C.  Lapwortb, 
LL.D.,  F.R.S.,  F.G.S.) 

After  dealing  with  the  literature  of  the  stratigraphical  and 
palsBontological  sides  of  the  subject,  the  author  passes  to  a  full 
consideration  of  the  sequence  and  character  of  the  Ludlow  Rocks 
in  the  following  localities  :  the  Ludlow  district,  the  Builth 
district,  the  Long  Mountain ;  and  gives  a  briefer  account  of  those 
of  the  Dee  Valley,  the  Lake  District,  Southern  Scotland,  Dudley, 
and  the  Abberley  Hills.  While  the  Wenlock  Shales  are  characterized 
by  Cyrtograptua  and  by  the  Flemingii-ijpe  of  Monograptus,  in  the 
Lower  Ludlow  Shales  the  colonus-  and  spinose  forms  of  M<mograpttL& 
such  as  ilf.  chimara  are  abundant  The  line  between  Lower  and 
Upper  Ludlow  is  drawn  at  the  top  of  the  Aymestry  Limestone. 
The  Lower  Ludlow  Rocks  are  divided  into  five  graptolitic  zones, 
which  are  not  constant  in  character  or  thickness  in  the  different 
areas.  The  distribution  of  the  zones  is  given  in  the  annexed  tablo 
(p.  277).  Two  of  the  zone-graptolites  are  new  species,  described  in 
the  latter  part  of  the  paper. 
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In  the  Ludlow  area  the  two  lowest  zones  are  rich  in  graptolites, 
but  shade  into  each  other,  and  are  therefore  less  clearly  defined  than 
the  higher  zones,  which  each  contain  practically  only  one  species 
and  are  lithologically  distinct.  In  the  Builth  area  the  variation 
in  the  zones  in  different  parts  may  be  due  to  the  conditions  of  depth 
and  current  under  which  the  graptolites  have  been  deposited,  or  to 
the  overlap  of  higher  beds  on  lower,  as  has  been  shown  to  be  the 
case  with  the  Wenlock  and  old  Red  Sandstone  rocks.  In  the  Long 
Mountain  syncline  ilf.  scanicus  is  practically  absent,  and  the  typical 
M,  ZeintwardinenaU  of  the  highest  zone  has  not  yet  been  found, 
although  its  place  appears  to  be  taken  by  a  varietal  form.  Two 
new  species  of  graptolites  are  almost  confined  to  this  district  The 
succession  worked  out  in  these  districts  is  confirmed  by  that  in 
the  Dee  valley  and  the  Lake  District,  but  the  evidence  at  present 
obtained  in  the  three  other  areas  is  only  scanty. 

The  Lower  Ludlow  sediments  become  thicker,  coarser,  and  more 
arenaceous  when  traced  from  the  south  and  south-east  to  the  north 
and  north-west ;  but,  in  spite  of  this,  there  is  a  striking  constancy 
in  the  lithologioal  sequence  of  the  sediments.  Only  two  of  the 
graptolitic  zones,  those  of  ilf.  NiUsoni  and  M.  ZeintwardinensiSt  are 
present  in  all  the  districts.  A  table  is  given  to  show  the  distribution 
of  the  graptolites  in  Britain  and  Europe,  and  one  showiug  the  order 
of  appearance  of  the  graptolites  of  the  formation. 

The  Lower  Ludlow  graptolites  present,  as  a  whole,  the  following 
peculiarities,  and  stand  in  marked  contrast  to  those  from  the  Wenlock 
Eocks  in  the  fact  that  while  the  polypary  is  straight  for  the  greater 
part  of  its  length,  it  is  distinctly  curved  inwards  at  the  proximal 
extremity.  The  apertures  of  the  thecse  are  for  the  most  part  either 
spinose,  or  wholly  devoid  of  ornamentation.  The  number  of  species 
.  is  eighteen,  with  thirteen  varieties,  of  which  six  species  and  nine 
varieties  of  Monograptvs  and  one  species  of  Betiolites  are  new,  and 
are  described  and  figured  in  the  paper.  All  the  species  and  varieties 
of  Monograpiua  are  arranged  round  type-species  into  six  groups. 
The  richest  groups  in  species  and  varieties  are  those  of  M.  duhius 
and  M,  colonus.  Most  of  these  groups  link  the  Ludlow  Series  with 
Wenlock,  and  even  the  genus  Betioliles  is  common  to  the  two 
formations.  Thus  the  supposed  great  palasontological  break  between 
the  two  series  to  a  great  extent  disappears. 

n.— April  4,  1900.— J.  J.  H,  Teall,  Esq.,  M.A.,  F.R.S.,  President, 
in  the  Chair.    The  following  communications  were  read : — 

1.  ''Additional  Notes  on  some  Eruptive  Bocks  from  New 
Zealand."    By  Frank  Rutley,  Esq.,  F.G.S. 

The  rocks  described  in  this  paper  were,  with  a  few  exceptions, 
collected  by  Mr.  James  Park.  A  few  of  the  specimens  come  from 
the  area  of  the  Hauraki  Goldfields,  but  many  of  them  were  procured 
from  other  localities  in  the  North  Island,  including  several  from 
Eotorua.  The  silica-percentages  of  several  of  the  rocks  have  been 
determined  by  Mr.  P.  Holland. 

The  first  part  of  the  paper  deals  with  twenty-three  rock-specimena 
and  slides  from  them.     These  consist  of  rhyolites  and  obsidians^ 
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with  rhyolitio  and  pumioeoas  breccias  and  tuffs,  geyseritas,  and 
sinters.  The  rocks  exhibit  spherulitic  and  perlitic  textures, 
fluxion,  devitrification,  and  impregnation  with  silica.  In  one  case 
the  obsidian,  after  solidification,  appears  to  have  undergone  the 
following  changes : — (1)  devitrification,  with  formation  of  spheru- 
lites;  (2)  increase  in  temperature  sufficient  to  destroy  the  double 
refi-action  of  spherulites  and  the  earlier  formed  felspars ;  (3)  the 
decomposition  of  parts  of  the  spherulites,  causing  them  to  assume 
the  characters  of  a  cross-grained  felsite.  The  rocks  from  Botorua 
exhibit  the  effect  of  solfataric  action  resulting  in  the  production  of 
a  high  percentage  of  silica  in  the  rock,  and  the  development  of 
hyalite  and  isotropic  opal  silica  or  geyserite.  In  some  cases  these 
rocks  have  had  silica  substituted  for  portions  of  the  spherulites 
which  have  been  dissolved,  the  fibrous  structure  being  preserved  in 
opal-silica,  which,  nevertheless,  exhibits  double  refraction. 

In  conclusion,  the  author  suggests  a  comparison  of  certain  ancient 
rhyolites  of  Great  Britain  with  those  of  New  Zealand  affected  by 
solfataric  action.  As  to  the  causes  which  may  convert  a  glassy  into 
a  lithoidal  rhyolite  we  still  seem  to  lack  information ;  it  is  possible 
that  the  action  of  steam  may  be  instrumental  in  effecting  such 
a  change,  but  this  is  probably  only  an  occasional  agent,  and  the 
more  general  cause  of  such  changes  must  be  sought  elsewhere. 

2.  <'0n  the  Discovery  and  Occunence  of  Minerals  containing 
Rare  Elements."    By  Baron  A.  E.  Nordenskiold,  F.M.G.S. 

The  first  mineral  referred  to  is  scheelite,  and  the  next  cerite,  which 
contains  no  less  than  four  rare  metals.  The  incandescent  light 
produced  when  the  latter  mineral  is  fused  with  charcoal-powder  was 
first  observed  by  Cronstedt  in  1751.  The  discovery  of  glucina, 
lithia,  selenium,  and  yttria  is  next  referred  to.  Minerals  containing 
y  ttria  and  oxides  related  to  it  were,  at  one  time,  thought  to  be  almost 
limited  to  certain  pegmatite-veins  running  in  a  broad  zone  on  both 
sides  of  the  60th  parallel  of  latitude.  Latterly,  fluocerite,  orthite, 
and  gadolinite  have  been  found  in  Dalecarlia;  and  among  these 
minerals  Benedicks  discovered  a  silicate  of  yttrium  containing 
1*5  per  cent  of  nitrogen  and  helium.  The  author  discovered  kaino- 
site,  a  silico-carbonate  of  yttrium  and  calcium,  among  minerals  from 
Hittero ;  and  the  same  mineral  was  subsequently  discovered  in  the 
flucan,  fissures,  and  drusy  cavities  at  the  Nordmarken  mines.  The 
last-mentioned  discovery  and  others  related  to  it  appear  to  suggest 
that  the  mode  of  formation  of  fissure-minerals  is  not  so  unlike  that  of 
the  pegmatite-veins  of  the  Primary  rocks  as  is  generally  supposed. 

Thorium,  discovered  by  Berzelius  in  1829,  was  originally  obtained 
from  the  rich  mineral  locality  of  Langesund  (called  Brevig  in 
mineralogical  literature),  but  it  has  since  been  recorded  from  other 
localities,  including  Arendal  and  Finnish  Lapland.  It  is  now 
obtained  from  the  monazite-sand  of  rivers  in  the  Brazils  and  South 
Carolina.  Thorite  contains  about  '5  per  cent  of  inactive  gas, 
probably  a  mixture  of  nitrogen  and  helium ;  but  the  latter  element 
was  first  obtained  from  the  mineral  deveite,  also  containing  thorium, 
discovered  by  the  author  in  1877.    Other  minerals  bearing  nitrogen. 
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aigon,  or  hdiam  are  referred  to ;  and  under  the  head  of  minerals 
bearing  tantalum,  mention  is  xnade  of  Giesecke's  disooveries  in 
Greenland.  Among  these  is  fergosonite,  one  of  the  richest  sources 
hitherto  known  for  obtaining  that  mysterious  gas,  or  mixture  of 
gases,  which  on  our  planet  seems  to  be  almost  exclusively  confined 
to  minerals  containing  rare  earths.  "  The  group  of  earths,  as  well 
as  the  group  of  gases,  of  which  we  are  here  speaking,  might 
therefore  be  compared  with  certain  genera  among  organic  beings, 
whose  species,  having  not  yet  fully  differentiated,  offer  to  the 
descriptive  zoologist  or  botanist  difficulties  analogous  to  those  with 
which  chemists  meet  in  endeavouring  to  separate  tihe  rare  earths  and 
rare  gases."  

in.— April  25, 1900.— J.  J.  H.  Teall,  Esq.,  M.A.,  F.RS.,  President, 

in  the  Chair. 
The  President,  having  requested  all  present  to  rise  from  their 
seats,  read  the  following  resolution  which  had  been  passed  unani- 
monslj  by  the  Council :  "That  this  Council  desire  to  place  on  record 
their  deep  sense  of  the  loss  which  both  science  and  literature  have 
sustained  in  the  death  of  the  Duke  of  Argyll,  who  was  the  oldest 
surviving  past-President  of  the  (Geological  Society  ;"  and  stated  that 
on  behalf  of  the  Council  he  proposed  to  communicate  a  copy  of  the 
resolution  to  the  Duchess  of  Argyll,  coupled  with  an  expression  of 
respectful  sympathy. 

The  following  communications  were  read : — 
1.  «  On  a  complete  Skeleton  of  an  Anomodont  Beptile  from  the 
Bunter  Sandstone  of  Beichen,  near  Basel,  giving  new  Evidence  of 
the  Belation  of  the  Anomodontia  to  the  Monotremata."   By  Professor 
H.  G.  Seeley,  F.B.S.,  F.L.S.,  V.P.G.S. 

This  skeleton  was  originally  described  by  Wiedersheim  under  the 
name  of  Lahyrinthodon  BUtimeyeri  in  1878.     The  bones  are  now 
differently  interpreted : 
The  reputed  humerus  is  the  interclavicle. 
scapula  is  the  humerus, 
supra-scapula  is  the  left  coracoid. 
„  „        right  scapula, 

right  and  left  clavicles  are  the  ribs, 
right  and  left  coracoids  are  the  pre-coraooid  and 
coracoid  of  the  right  side. 

Five  digits  are  identified  in  place  of  four  in  1878.  These  osteo- 
logical  identifications  are  inconsistent  with  reference  of  the  type  to 
the  Labyrinthodontia,  and  it  b  accordingly  described  as  a  new  genus, 
which  is  placed  in  association  with  Procolophon  as  a  separate  family 
in  the  tribe  Procolophonia. 

The  author  discusses  various  views  which  have  been  expressed 
with  regard  to  the  position  of  the  Labyrinthodonts.  He  has  already 
separated  these  animals  from  the  Amphibia  and  combined  them  with 
the  Ichthyosauria  in  a  group  of  reptiles  named  Cordylomorpha,  and 
he  enumerates  a  series  of  characters  which  constitute  so  close  a  link 
between  the  two  types  **  that  it  is  not  possible,  in  the  absence  of 
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eyidenoe,  to  oonoeive  of  their  being  referred  to  different  classes  of 
animals."  . 

'<  But  if  the  order  Labyrinthodontia  is  transferred  to  the  Beptilia J  -^ 
it  is  then  manifest  that  by  including  saoh  genera  as  Branchiosaurun  j 
and  ArehegosauruB,  in  which  gill-arches  are  found,  it  introduces  into 
the  Beptilia  a  character  hitherto  unknown,  and  commonly  regarded 
as  Amphibian.  ...  If  the  osteology  of  an  ordinal  type  is 
Beptilian,  it  cannot  be  placed  in  the  Amphibia,  because  two  or 
three  genera,  or  the  whole  group,  preserve  gill-arches.  .  .  .  The 
Labyrinthodontia  may  or  may  not  be  a  homogeneous  sub-class  or 
H>rder,  though  the  circumstance  that  many  writers  have  separated 
its  groups  on  different  principles,  and  into  a  varying  number  of 
orders,  is  some  evidence  that  it  includes  a  wide  range  in  character. 
.  .  .  In  no  part  of  the  skeleton  is  there  a  close  correspondence 
between  living  Amphibia,  which  are  probably  unknown  before  the 
Tertiary  period,  and  the  extinct  Labyrinthodontia,  which  are  only 
known  with  certainty  in  the  Carboniferous,  Permian,  and  Triassic 
periods  of  time." 

"  If  the  sub-orders  of  Labyrinthodontia  are  sub-orders  of  Beptilia 
•and  not  of  Amphibia,  the  transition  which  Fareiasaunis  exhibits  \  ^ 
from  Labyrinthodonts  to  Mammals  ceases  to  be  au  anomaly."  j 

"  The  close  resemblance  of  form  of  the  bones  in  the  several  parts 
•of  the  skeleton  now  described  with  Monotremata  and  Anomodontia 
makes  the  border-line  between  Beptiles  and  Mammals  more  difficult 
to  define." 

The  fossil  is  identified  as  an  Anomodont  reptile,  chiefly  on  the 
basis  of  resemblance  to  Proeolophon  and  Pareiaaaums,  It  is  shown 
not  to  be  a  mammal  by  the  large  parietal  foramen,  the  composite 
structure  of  the  lower  jaw,  and  the  presence  of  the  pre-frontal  bone. 
It  differs  from  known  Anomodonts  in  making  a  somewhat  closer 
approximation  to  Monotreme  mammals  than  has  hitherto  been 
evident,  and  this  correspondence  extends  to  successive  segments  of 
both  the  fore-  and  hind-limbs. 

The  teeth  are  in  sockets  placed  obliquely,  with  conical  crowns 
oompressed  to  sharp  lateral  margins,  and  curved  inward.  The 
proportions  of  the  vertebral  column  are  those  of  Echidna,  though 
the  transverse  processes  are  longer,  as  in  Fareiasaurtu.  The  ribs 
are  like  those  of  a  Monotreme,  though  the  sacral  ribs  are  longer. 
The  shoulder-girdle  resembles  that  of  Proeolophon,  and  differs  from 
typical  Anomodonts  in  the  constituent  bones  being  unanchylosed, 
•and  in  the  pre-coracoid  having  a  large  anterior  extension  in  advance 
of  the  scapula.  The  sternum  appears  to  have  been  unossified,  as  in 
Crocodilia.  The  humerus  is  widely  expanded  at  both  extremities 
and  twisted,  but  does  not  show  the  peculiar  lateral  curvature  seen 
in  Monotremes.  The  ulna  gives  no  evidence  of  an  oleoranon- 
prooess ;  it  is  larger  than  the  radius,  and  appears  to  articulate  with 
the  humerus.  The  pelvic  bones  are  without  acetabular  or  obturator 
perforations,  are  not  anchylosed  together,  and  the  ilium  is  not 
•expanded  transversely.  The  hind-limb  is  no  larger  than  the  fore- 
limb.  The  femur  is  more  slender  than  the  similar  bone  in  Echidna, 
The  fibula  is  prolonged  proximally  beyond  the  stout  tibia  round 
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wHioh  it  may  rotate.  The  proximal  row  of  the  tarsus  is  one  large 
bone,  formed  of  the  blended  astragalus  and  os  ealcis. 

In  conclusion,  the  author  argues  that  the  points  of  structure  are 
so  few  in  which  Monotreme  mammals  make  a  closer  approximation 
to  the  higher  mammals  than  is  seen  in  this  fossil  and  other  Anomo- 
dontia,  that  the  Monotreme  resemblances  to  fossil  reptiles  become 
increased  in  importance.  He  believes  that  a  group  Theropsida 
might  be  made  to  include  Monotremata  and  Anomodontia,  the 
principal  differences  (other  than  those  of  the  skull)  being  that 
Monotremes  preserve  the  marsupial  bones  and  the  atlas  vertebra. 
Ornithorhynchus  shows  pre-frontal  and  post-frontal  bones,  and  has 
the  malar  arch  formed  as  in  Anomodonts  and  some  other  reptiles. 

2.  "  On  Longmyndian  Inliers  at  Old  Radnor  and  Huntley 
(Gloucestershire)."     By  Charles  Callaway,  M.A.,  D.Sc,  F.G.S. 

The  grits,  with  some  associated  slaty  bands,  forming  a  ridge  near 
Old  Radnor  were  considered  by  Sir  Eioderick  Murchison  to  be  May 
Hill  Sandstone.  The  author  has  discovered  that  one  of  the  beds  of 
Woolhope  Limestone,  dipping  westward,  is  crowded  with  rounded 
and  angular  fragmentN  of  gric  bearing  a  general  resemblance  to  the 
arenaceous  parts  of  the  Old  Radnor  Group.  The  bedding  of  the 
grits  is  much  obscured  by  crushing,  and  the  rock  is  sometimes 
brecciated.  Descriptions  of  microscopic  sections  of  the  rock  are 
given  in  the  paper,  and  the  specimens  are  grits,  the  materials  of 
which  are  mainly  derived  from  gneissic  and  igneous  rocks.  The 
unconformity  of  the  grits  to  the  Woolhope  Limestone  Series,  and  the 
dissimilarity  of  the  grits  to  the  May  Hill  Sandstones  of  Presteign 
are  the  chief  facts  relied  upon  by  the  author  to  establish  the  pre- 
Cambriau  age  of  the  Old  Radnor  Series;  while  the  occurrence  of 
the  rocks  on  the  stnke  of  the  Longmynd,  their  position  with  regard 
to  the  prolongation  of  the  Church  Stretton  Fault,  and  their  relations 
to  the  Ordovician  and  Silurian  rocks  of  the  area  are  in  favour  of 
a  comparison  with  the  Longmyndian  rocks.  The  lithological 
resemblances  between  the  Old  Radnor  Series  and  the  typical 
Longmyndian  are  very  well  marked.  Neither  the  rocks  of  the 
Old  Radnor  Series  nor  those  of  the  Woolhope  Series  are  affected 
by  any  metamorphic  change. 

The  grits  and  shaly  beds  of  Huntley  are  unlike  the  May  Hill 
Sandstones  of  that  district,  and  as  they  occur  along  the  axis  of  the 
anticline,  and  lithologically  resemble  the  rooks  of  the  Longmynd,  it 
is  highly  probable  that  they  also  are  of  Longmyndian  age. 

IV.— May  9,  1900.— J.  J.  H.  Teall,  Esq.,  M.A.,  F.R.S.,  President, 
in  the  Chair.     The  following  communications  were  read : — 

1.  **The  Pliocene  Deposits  of  the  East  of  England.  Pt.  H: 
The  Crag  of  Essex  (Waltonian),  and  its  Relation  to  that  of  Suffolk 
and  Norfolk."  By  F.  W.  Harmer,  Esq.,  F.G.S.  With  a  Report  on 
the  Inorganic  Constituents  of  the  Crag  by  Joseph  Lomas,  Esq.,  F.G.S. 

The  term  'Red  Crag,'  including,  as  it  does,  beds  differing  con- 
siderably in  age,  is  vague,  and,  when  we  attempt  to  correlate  the 
East  Anglian  deposits  with  those  of  other  countries,  inconvenient; 
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tbe  Soaldisian  zone  of  Belgium,  for  example,  with  its  Bouthern 
fauna,  representing  one  part  of  it,  and  the  Amstelian  of  Holland, 
in  which  Arctic  shells  are  common,  another.  While  retaining  the 
name  for  general  use,  therefore,  the  following  more  definite  classi- 
fication of  its  various  horizons,  and  of  those  of  the  English  Pliocene 
generally,  is  proposed  : — 


NEWER  PLIOCENE. 

Ckomsbiak. 

So-called  Foreet-bed  Series. 
Fresh-water  &  Estuarine.) 
Zone  of  EUphM  meridionalia. 

Wbtbournian. 

Weyboum  and  Belaugh  Crag. 
Zone  of  Tellina  balthica, 
(Marine.) 

GUILLBSFORDIAN. 

Chilleeford  Clay  and  Sand. 
Zone  of  Leda  oblongoid$$, 
(Estuarine.) 

ICBNIAN. 

Norwich  Crag.     (Marine.) 

Northern  part : 

Zone  ot  Aitarte  bonalis. 
Southern  ^art : 

Zone  ot  Mactra  subh-uncata. 

BUTLBYAN. 

Red  Crag  of  Butley  and  Bawdsey. 
Zone  uf  Cardium granlatidicum. 

Amstblian. 
Upper  part. 

Lower  part. 

Nbwbournian. 

Red    Crag    of    Sutton,    Newboum, 
Waldringfield,  etc. 
Zone  of  Mactra  cotutriota. 

Red  Crag  of  Bentley  &  Tattingstone. 

"Waltokiam, 

Crag  of  Essex. 

Oakley  horizon  : 
Zone  of  Mactra  obtruneata, 

Walton  horizon : 
Zone  of  Ntptunaa  cofUraiia, 

POEDBRLIAN. 

SCALDIRIAN. 

Zone    h,    Trophon 
antiquum  {Chryso- 
domtti  contraria). 

GXOOBATIAK. 

Coralline  Crag. 

Zone  of  Fee  ten  Gerardii, 

Castbblian. 
Zone    k  Isocardia 
cor. 

OLDER  PLIOCENE. 

LlNBAMlAN. 

Lenham  Beds. 
Zone  of  -4r{?a  diluvii, 

Boxstone  fauna. 

DiESTIAN. 

Ferruginous   sand- 
stones of  Diest. 

Waenrode  Beds. 
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The  line  separating  the  Older  and  Newer  Pliocene  is  now  drawn 
by  the  author  between  the  Lenham  Beds,  containing  Area  diliwii 
and  other  characteristic  Miocene  species  of  the  North  Sea  (or  of  the 
Italian  Pliocene),  and  the  Coralline  Crag,  the  latter  being  considered 
as  the  oldest  member  of  a  more  or  less  continuous  and  closely  con- 
nected series  of  Newer  Pliocene  age.  The  palsdontological  difference 
between  the  Coralline  and  Walton  Crags  is  shown  to  be  less  than 
has  hitherto  been  supposed. 

The  upper  Crag  deposits  arrange  themselves  in  horizontal  and 
not  in  vertical  sequence,  assuming  always  a  more  boreal  and  more 
recent  character  as  they  are  traced  from  south  to  north.  They  are 
the  littoral  accumulations  of  a  sea  retreating,  not  continuously,  but 
at  intervals,  in  a  northerly  direction. 

A  new  honzon  of  the  Crag,  represented  by  some  beds  at  Little 
Oakley,  between  Walton  and  Harwich,  is  described,  indicating  the 
period,  before  the  southern  mollusca  had  commenced  to  disappear, 
when  a  few  boreal  species  were  beginning  to  establish  themselves  in 
greater  or  less  abundance  in  the  Anglo-Belgian  basin.  Though 
hitherto  unnoticed,  the  fauna  of  this  locality  has  proved  to  be 
exceedingly  rich,  more  than  350  species  and  varieties  having  been 
there  obtained,  from  a  seam  10  yards  long  and  less  than  2  feet  in 
average  thickness. 

The  three  divisions  of  the  Bed  Crag  now  proposed  (the  exact 
position  of  the  Bentley  bed  not  having  been  ascertained  at  present), 
namely,  Waltonian,  Newboumian,  and  Butleyan,  are  distinguished 
alike  by  the  difference  of  their  faunas  and  by  the  position  which 
tliey  occupy.  The  first,  with  its  southern  shells,  is  confined  to  the 
county  of  Essex;  the  second,  containing  a  smaller  proportion  of 
southern  and  extinct,  and  a  larger  proportion  of  northern  and  recent 
species,  occupies  the  district  between  the  Orwell  and  Deben,  and 
a  narrow  belt  of  land  to  the  east  of  the  latter  river ;  the  third,  in 
which  Arctic  forms  such  as  Cardium  grcetdandicum  are  common, 
is  found  only  farther  north  and  east  AH  these  beds  are  believed 
to  have  originated  in  shallow  and  landlocked  bays,  successively 
occupied  by  the  Bed  Crag  sea  as  it  retreated  northward,  which  were 
silted  up,  one  after  the  other,  with  shelly  sand. 

The  Norwich  Crag  (Icenian)  occupies  an  area  entirely  distinct 
from  that  of  the  Bed  Crag,  no  instance  being  known  where  the  one 
overlies  the  other  in  vertical  section ;  the  fauna  of  the  former  is, 
moreover,  more  boreal  and  comparatively  poor  in  species.  The 
Arctic  species,  Aatarte  horealis,  is  confined  to  the  northern  part  of 
the  Icenian  area;  its  introduction  seems  to  mark  a  stage  in  the 
continued  northerly  retreat  of  the  sea.  The  Icenian  deposits  thicken 
rapidly  northward  and  eastward,  and  are  believed  by  the  author 
to  constitute  part  of  the  great  delta-formation  of  the  Bhine. 

Tbe  mammalian  remains  found  at  the  base  of  the  different  horizons 
of  the  Crag  in  a  remanU  bed,  containing  material  derived  from  various 
sources,  are  considered  to  be  also  derivative  from  deposits,  older 
than  the  Coralline  Crag,  formerly  existing  to  the  south. 

The  Cbillesfordian  (estuarine)  and  Wey  bourn ian  (marine)  deposits. 
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tbe  latter  characterized  by  the  sadden  appearance  in  the  Crag  basin, 
in  prodigious  abundance,  of  Tellina  halihica^  represent  separate 
stages  in  the  continued  refrigeration  of  East  Anglia  during  the 
Pliocene  period;    but  the   so-called   "Forest-bed"  or  Oromerian 

i fresh-water  and  estuarine)  with  its  southern  mammalia,  and  its 
lora,  similar  to  that  of  Norfolk  at  the  present  day,  clearly  indicates 
a  return  to  more  temperate  conditions,  and  should  therefore  be 
separated  alike  from  the  Wey bourn  Orag  on  the  one  hand,  and  from 
the  Leda  myalis  Sands  and  the  Arctic  fresh- water  bed  of  Mr.  Clement 
Beid  on  the  other.  The  two  latter  seem  naturally  to  group 
themselves  together,  and  with  the  Glacial  deposits. 

The  conditions  under  which  the  Red  Crag  beds  originated  seem 
to  exist  at  the  present  day  in  Holland,  where  sandy  material 
brought  down  by  rivers,  with  dead  shells  in  great  abundance  from 
the  adjacent  sea,  is  being'  thrown  against  and  upon  the  coast, 
principally  by  means  of  the  westerly  winds  now  prevalent.  From 
meteorological  considerations,  it  seems  probable  that  strong  gales 
from  the  east  may  have  prevailed  over  the  Crag  area  during  the 
latter  part  of  the  Pliocene  epoch.  No  other  explanation  of  the 
accumulation  of  such  vast  quantities  of  dead  shells  on  the  East 
Anglian  margin  of  the  North  Sea  at  that  period  can  be  suggested. 
At  the  present  day,  the  eastern  shores  of  Norfolk  and  Suffolk  are 
almost  destitute  of  such  debris. 

Mr.  J.  LomaSy  in  his  Beport  on  the  Inorganic  Constituents  of 
the  Crag,  states  that  lithologically  the  various  subdivisions  of  the 
Bed  Cra^  are  the  same.  Differences  of  colour  may  be  traced  to 
definite  Tines  of  flow  along  which  water  containing  ferruginous 
matter  has  moved. 

Among  the  rarer  minerals  separated  out  by  high-density  fluids, 
zircon,  rutile,  cyanite,  ilmenite  with  leucoxene,  garnets,  andalusite,- 
corundum,  tourmaline,  muscovite,  biotite,  glauconite,  orthoolase,. 
labradorite,  albite,  and  microcline  are  found.  In  the  heavy  fractions 
red  garnets  are  very  common.  Tourmaline  occurs  abundantly,  and 
includes  green,  blue,  yellow,  and  brown  varieties.  Muscovite  pre- 
dominates over  biotite,  and  oft^n  includes  rounded  crystals  of 
zircon,  rutile,  etc.  Ferro-magnesian  minerals,  with  the  exception 
of  biotite,  are  absent  Glauconite  is  very  plentiful,  and  frequently 
retains  the  form  of  tbe  organisms  of  which  it  has  formed  casts. 

In  the  Norwich  Crag  the  same  minerals  are  present,  but  musco- 
vite is  found  in  excess.  The  Chillesford  Sands  differ  from  the  Crags 
only  in  the  absence  of  glauconite.  The  bulk  of  the  material  of  the 
beds  described  consists  of  well-rounded  grains  of  quartz,  seldom 
showing  traces  of  secondary  crystallization.  Flint  occurs  as  large 
pebbles,  and  fine  angular  chips  are  met  with  in  the  sands. 

2.  ''  A  Description  of  the  Salt-Lake  of  Larnaca  in  the  Island  of 
Cyprus."    By  C.  V.  Bellamy,  Esq.,  F.G.S.,  Assoc.  M.  Inst  C.E. 

After  a  brief  description  of  the  general  geology  and  geography  of 
the  island  the  author  proceeds  to  deal  with  the  topography  of  the 
Lake,  which  occurs  in  a  basin  shut  off  from  the  sea,  its  deepest  part 
being  about  10  ftet  below  sea-level.    The  barrier  between  the  salt* 
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lake  and  the  sea  is  made  of  stiff  oaloareoas  olay  assooiated  with 
masses  of  conglomerate  resting  on  plastic  olay,  that  on  watery  mud, 
and  that  again  on  stiff  calcareous  clay.  The  sea- water  appears  to 
percolate  thix)agh  the  highest  deposits,  meeting  with  checks  in  the 
conglomerates,  and  thus  reaches  the  hasin  somewhat  slowly,  where 
it  is  evaporated  to  dryness  by  the  summer  heat  and  deposits  its  salt. 
Artificial  channels  have  been  made,  to  carry  the  flood-water  from  the 
land  direct  to  the  sea,  so  that  it  does  not  dilute  the  brine  of  the 
lake.  The  rainfall  in  the  catchment-area  round  the  lake  is  at 
the  most  only  enough  to  supply  223  million  gallons,  and  as  the  lake 
contains  480  million  gallons  when  full,  the  balance  of  257  million 
gallons  must  be  derived  from  the  sea.  The  lake  is  probably  situated 
on  what  was  an  extensive  arm  of  the  sea  at  the  close  of  the 
Gainozoio  era.  The  salt-harvest  begins  in  August,  at  the  zen  ith  of 
summer  heat,  and  it  is  reported  that  a  single  heavy  shower  at  that 
time  of  year  sufSoes  to  ruin  it  Observations  are  given  on  the 
density  of  the  water,  the  plants  and  animals  in  the  water,  and  the 
lake-shore  deposits. 
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SHELLS  FROM  PORTLAND  RUBBLE  DRIFT. 

Sib, — May  I  ask  a  few  lines  space  to  add  to  the  list  of  Land  and 
Fresh- water  Shells  from  Portland  Bill  Rubble  Drift  recorded  in  my 
previous  letter  (Geol.  Mag.,  Deo.  IV,  Vol.  I,  1894,  p.  431). 

After  about  three  hours'  work  there  on  Feb.  2l6t  last  among  the 
numerous  shells  of  species  already  recorded,  I  found  the  following 
new  species :  Selicella  itala,  2  specimens ;  Limnaa  truncatula 
(dwarfed  variety),  4  specimens.  These  identifications  have  been 
kindly  endorsed  by  Mr.  Edgar  A.  Smith,  F.Z.S.,  of  the  Zoological 
Department,  British  Museum  (Natural  History). 

On  carefully  going  over  the  specimens  with  Mr.  B.  B.  Woodward 
and  Mr.  A.  Santer  Kennard,  two  other  species  must  be  recorded, 
viz..  Helix,  sp.  (protoconch  of  an  indeterminable  species),  and 
Hygromia  rufescens  (Pennant).  The  relative  abundance  of  the 
species,  as  found  by  me,  is  as  under,  adding  previously  recorded 
finds  (Geol.  Mag.,  1894,  pp.  431,  432)  to  those  of  February  21  last 
(new  records  are  in  italics) : — 

ffelicella  itala  (Linn.)  

Hygromia  hispida  (Linn.)  ... 
Eygromia  rufescens  (Pennant) 

Vallonia  pulchella  (Miill.) 

Helix,  sp 

Pupa  muscorum  (Linn.) 

Succinea  oblonga,  Drap 

Limnsea  pereger  (Linn.)      

lAmnaa  truncatula  (Miill.) 

Pomatias  reflexus  (Linn.)  [=Cyclo8tomaelegans  (MiJlL)] 

Fisidium,  sp.  


2i 

spea 

1 

10 

5 

1 

84 

60 

22 

16 

1 

1 
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The  nambers  of  Sir  Joseph  Prestwich's  specimens  are  not  stated, 
but  the  above  table  is  probably  the  order  of  frequency  of  occurrence. 

Mr.  E.  R.  Sykes,  F.L.S.  (President  Conchological  Society),  has 
found  L,  truncatula  in  a  deposit  on  the  east  side  of  the  Isle  of 
Portland.  He  considers  this  latter  deposit  as  comparatively  recent, 
and  derived  from  a  .marshy  tract  which  still  exists  south  of 
Southwell.  If  this  be  so  the  deposits  are  not  synchronous, 
inasmuch  as  the  geological  conditions  of  the  deposit  at  the  Bill 
are  well  defined  as  of  late  Pleistocene  age,  not  only  from  the 
stratigraphical  evidence,  but  from  the  abundant  occurrence  of  so 
characteristic  a  Pleistocene  form  as  8.  oblong  a,  Mr.  Sykes  (Proo. 
Dorset  Field  Club,  vol.  xvi,  p.  171)  records  L,  truncatula  from  the 
•Bill'  deposit.  On  referring  to  Prestwich's  paper  on  the  raised 
beaches  (Q.J.G.S.,  vol.  xlviii,  1892,  p.  278)  Z.  truncatula  is 
determined  from  the  occurrence  of  opercula  only.  Probably  Bythinia 
ientaculata  is  meant,  as  it  occurs  also  at  Ghesilton  at  the  north-west 
of  Portland,  and  is  an  operculate  mollusc,  whereas  Zimnaa  is 
non-operculate  (Reeve,  '*  British  Land  and  Fresh-water  MoUusca," 
1863,  p.  154).  This  inadvertence  may  be  a  lapsus  calami,  either  on 
the  part  of  our  author  or  of  Dr.  Gwyn  Jeffreys,  who  generally 
determined  doubtful  or  critical  species  for  him. 

Limnaa  truncatula  is  therefore  still  a  new  record  from  this 
interesting  Pleistocene  deposit.  R.  Abhimgton  Bullbn. 

AXELAND,    SUBRBT. 

THE  CENOMANIAN  OF  BAHARIA  OASIS,  EGYPT. 

Sir, — I  have  to  thank  Dr.  Max  Blanckenhom  for  his  letter  in 
the  Gbol.  Mao.,  April,  1900,  p.  192,  disclaiming  to  have  himself 
''discovered  the  existence  of  rocks  of  Cenomanian  age  in  Baharia 
Oasis."  As  Dr.  Blanckenhom  maintains  that  he  cannot  be  held 
responsible  for  the  abstract  report  which  appeared  in  the  Zeitschrift 
fur  praktische  Oeologie,  I  should  like  to  point  out  that  the  copy  of 
this  abstract  report  was  sent  to  the  Survey  by  Dr.  Blanckenhom 
himself,  and  although  it  contained  numerous  corrections  in  ink  of 
the  type  matter,  the  paragraph  to  which  exception  was  taken,  and 
which  I  quoted  in  my  letter  of  December  7,  1899,  was  not  in 
any  way  corrected  or  explained;  I  could  therefore  only  come  to 
one  conclusion. 

As  I  have  already  stated  my  opinion  as  to  the  age  of  the  series  of 
beds  under  discussion,  both  in  my  letter  of  December  7,  1899 
(Geol.  Mao.,  January,  1900),  and  in  a  paper  read  before  the  Cairo 
Scientific  Society  in  October,  1899,  it  is  not  necessary  to  discuss 
Dr.  Blanckenhom's  assertion  that  I  did  not  "know  the  meaning" 
of  the  fossils  collected,  especially  as  this  has  nothing  to  do  with  the 
question  in  dispute.  Moreover,  as  the  examination  of  these  fossils 
has  not  yet  been  completed  by  the  palaeontologists  of  the  British 
Museum,  the  exact  horizon  or  horizons  to  which  they  should  be 
referred  cannot  possibly  be  indicated  with  certainty. 

Caibo,  ApHl  14,  1900.  HuGH  J.  L.  Bbadnbll. 
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GEORGE    HIGHFIELD    MORTON,    F.G.S. 

BoBN  July  9,  1826.  Dibd  March  30,  1900. 

Gborok  H.  Morton,  the  well-known  Lancashire  geologist,  was 
born  in  Liverpool  in  1826,  and  educated  at  the  Mechanics'  Institnte 
in  that  city.  From  a  child  he  was  interested  in  geology,  and 
at  16  years  of  age  he  commenced  to  form  a  collection  of  fossils, 
some  Ammonites,  obtained  at  that  time,  having  first  excited  his 
interest  He  also  purchased,  and  read  with  earnestness,  an  article 
entitled  "The  Mineral  Kingdom"  in  Knight's  "Store  of  Know- 
ledge," and  "The  Romance  of  Geology  "  in  "  Chambers'  Miscellfimy."^ 
Other  works  of  more  importance  were  obtained  and  diligently 
studied.  In  those  days  textbooks  on  scientific  subjects  were  few  in 
number,  and  there  were  no  science  classes  in  Liverpool  which  young 
Morton  could  attend.  He  continued  to  collect  minerals,  rocks,  fossils, 
and  shells,  which  he  named  at  the  Boyal  Institution,  Liverpool. 

In  1845  Morton  examined  the  Boulder-clay  at  Egremont,  and 
the  New  Bed  Sandstone  quarries  at  Storeton  with  their  wonderful 
footprints  of  Cheirotherium  and  other  reptiles  on  the  slabs  of  ripple- 
marked  sandstone.  In  1847  he  visited  Holywell,  where  he  obtained 
a  few  Carboniferous  fossils.  In  later  years  he  worked  at  and 
described  this  formation  in  great  detail.  He  contributed  his  first 
paper  of  importance  to  the  Literary  and  Philosophical  Society  of 
Liverpool  in  1856,  "  On  the  Subdivisions  of  the  New  Red  Sandstone 
between  the  River  Dee  and  the  rise  of  the  Coal-measures  east  of 
Liverpool."  He  also  contributed  papers  to  the  British  Association, 
the  Geological  Society  of  London,  etc.  In  1864  he  was  appointed 
Lecturer  on  Geology  at  Queen's  College,  Liverpool,  where  he  taught 
successfully  for  several  years. 

Most  of  Mr.  Morton's  published  papers  relate  to  home  geology  or 
to  the  Carboniferous  Limestone  of  North  Wales.  His  "  Geology  of 
the  Country  around  Livei*pool  "  was  published  in  1863,  and  a  second 
edition  appeared  in  1891.  This  work  contains  all  his  previous 
writings  on  local  geology.  An  appendix  was  added  in  1897,  giving 
the  results  of  constant  and  careful  observations  in  the  field  extending 
over  fifty  ye^rs. 

Mr.  G.  H.  Morton  was  a  member  of  numerous  scientific  societies, 
and  founded  the  Liverpool  Geological  Society  in  1859.  He  was 
elected  a  Fellow  of  the  Geological  Society  of  London  in  1858,  and 
in  1892  was  awarded  the  Lyell  Medal  by  the  Council  in  recognition 
of  his  long  and  meritorious  services  to  geology  in  the  work  which 
he  had  done  around  Liverpool,  especially  for  the  knowledge  of  the 
Triassic  and  other  strata  of  that  district. 

"  The  (Jeology  of  the  Country  around  Shelve,"  "  The  Carboniferous 
Limestone  of  North  Wales,"  and  "  The  Country  around  Llandudno,'^ 
the  last-named  read  before  the  Geological  Society  of  London,  well 
illustrate  the  earnest  and  careful  labours  of  Mr.  Morton's  long  and 
well-spent  life.  He  passed  away  very  peacefully  on  the  30th  March 
in  his  74th  year. 
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L — CoLONKL  Fkildvn's  Gontbibutioms  to  Qlaoial  Obologt. 

By  Professor  T.  G.  Bonnbt,  D.Sc.,  LL.D.,  P.R.8. 

N  1877  and  the  following  year  Colonel  H.  W.  Feilden  pablished 
the  results  of  his  soientifio  investigations  on  the  ooasts  of  Smith 
Sound  and  the  channel  to  the  north.^     In  1896  he  made  oontri- 
bations  to  the  geology  of  Eolgnev,  Waigats,  and  Novaya  Zemlya  in 
two  other  papers.'   These  are  reprinted,  together  with  one  previously 
unpublished,  in  the  appendix  to  Mr.  II.  J.  Pearson's  book,  **  Beyond 
Petsora  Eastward  "  (1899).     As  the  earlier  work  appears  to  have 
been  forgotten  by  some  writers  upon  glaoial  subjects,  and  the  last- 
named  might  very  easily  escape  their  notice,  I  urged  Colonel  Feilden 
to  give  a  summary  of  his  chief  results  in  some  generally  accessible 
periodical.    Shortly  afterwards,  on  being  unexpectedly  called  away 
for  service  in  South  Africa,  he  requested  me  to  undertake  die  task. 
For  the  sake  of  brevity,  I  restrict  myself  mainly  to  the  investigations 
which  throw  light  on  the  formation  of  Boulder-clay  and  its  associated 
sands  and  gravels,  because  these  establish  two  points :  (1)  that  such 
deposits  are  sometimes  formed  beneath  the  sea ;  (2)  that  the  land  in 
these  Arctic  regions  has  been  elevated,  in  places  not  less  tiban 
a  thousand  feet,  since  either  some  time  in  or  the  close  of  the  Glacial 
epoch.     I  draw  especial  attention  to  these  points,  because  I  have 
noticed  in  certain  writings  a  tendency  to  take  it  for  granted  that 
Boulder-days  can  only  be  the  leavings  of  an  ice-sheet  upon  the  land, 
and  to  treat  the  idea  of  any  such  important  change  of  level  as  an  hypo- 
thesis so  improbable  as  to  be  practically  impossible.    Hence  I  shall 
pass  over  sundry  important  observations  which  show  that  projecting 
rocks  can  be  scratched,  polished,  and  even  rounded  by  the  action  of 
floating  ice,  and  shall  not  enter  upon  **  the  literature  of  the  subject," 
for  it  is  of  Colonel  Feilden's  work  alone  that  I  am  concerned  to  give 
a  summary.     So,  after,  remarking  that  he  more  than  once  calls 
attention  to  the  amount  of  debris  seen  on  floating  ice,^  I  proceed  to 
the  observations  bearing  on  these  two  points,  not,  however,  arranging* 
them  under  the  separate  heads,  but  giving  them  in  geographical 
order. 

1  Ann.  &  Mag.  Nat.  Hist.,  ser.  iv,  vol.   xx  (1877),  p.  489 ;  Quart.  Joum. 
Geol.  8oc.,  Tol.  xxxiv  (1878),  p.  666.    See  also  Nares'  **  Voyage  to  Polar  Sea." 
*  Quart.  Joum.  Geol.  Soc.,  vol.  lii  (1896),  pp.  62,  721. 
»  *•  Beyond  Petsora,*'  pp.  260,  269,  270. 
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A.  OrinneU  Land,  ete,^ — Here  we  find  abnndant  evidenoe  that  this 
''part  of  the  land  round  the  North  Pole  has  been  afieoted  by 
a  movement  of  upheaval  sinoe  there  was  any  subsidence."  That 
statement  is  justified  by  the  following  observations : — (a)  Fragments 
of  mollusca  and  erratics  are  scattered  over  mountain  tops  and 
elevated  plateaus.  (6)  Terminal  moraines  of  ancient  glaciers,  con- 
taining numerous  marine  mollusca,  are  found  above  the  present 
sea-leveL  (e)  Raised  beaches,  with  remains  of  such  mollusca  and 
with  erratics  stranded  on  their  tops  and  slopes,  occur  tier  above  tier 
with  great  regularity.  They  appear  to  be  frequent  up  to  about 
400  feet  above  sea-level,  and  the  most  elevated  mentioned  is  at 
about  1,000  feet^  It  consists  of  a  day  containing  ice  -  scratdied 
erratics,  with  Mya  truncata,  Saxicava  rugoaa,  Aatarte  horealia,  and 
Pecien  Grmtdandieus.  A  similar  deposit  with  the  same  fossils  also 
occurs  here'  just  above  sea-level ;  the  latter  resting  on  sandstone  of 
Miocene  age,  the  former  on  Azoic  slates.  Colonel  Feilden  also 
mentions  a  plateau  at  800  feet,  in  which  some  remains  of  Mya 
truneata  were  found.  Coniferous  wood,  still  retaining  its  buoyancy 
and  just  like  that  stranded  on  the  existing  coastline,  was  found  "  at 
elevations  of  several  hundred  feet,"  and  *'  there  was  no  evidence  in 
the  mud  beds  of  Grinnell  Land  to  encourage  the  idea  that  any  of 
these  trees  had  grown  in  situ.^' ' 

B.  Arctic  Norway. — With  this  region  Colonel  Feilden  has  dealt 
briefly,  because,  as  he  says,  numerous  observers  have  already  called 
attention  to  the  raised  beaches  containing  marine  shells  and  the 
wave-marks  on  ice- worn  crags  high  above  sea-level,  so  that  the  fact 
of  a  general  glaciation,  followed  by  some  submergence,  and  that  by 
considerable  elevation,  can  hardly  be  disputed.^  But  he  mentions 
more  particularly  a  conspicuous  terrace  on  the  mainland  opposite  to 
Tromso,  at  the  mouth  of  a  valley  about  a  quarter  of  a  mile  wide, 
which  is  continued  north  and  south  along  the  present  coastline, 
its  base  being  a  few  feet  above  present  high- water  mark.  In  1894 
a  good  section  of  this  terrace,  some  20  feet  in  height,  was  exposed. 
''From  base  to  summit  it  is  a  homogeneous  mass  of  blue  clay, 
with  boulders  and  stones  interspersed  throughout"  These  are  ice* 
scratched,  and  "  mollusca  are  abundant  throughout  the  bed.  Cyprina 
hlandica  and  Pecten  hlandicus,  partially  retaining  their  colour,  are 
common,  likewise  stones  to  which  the  '  bases '  of  a  Balanua  are 
attached."  He  also  cites  Professor  A.  Newton  and  Mr.  Hudleston 
as  having  found  in  the  Varanger  Fjord,  not  far  from  Vadso,  the 
bones  of  a  whale,  about  50  feet  above  high-water  mark  and 
200  yards  from  the  shore,  which  they  deemed  to  have  been  stranded 
in  old  times."  Colonel  Feilden  himself  found  on  Yardo  a  marine 
sand  deposit,  some  40  to  50  feet  above  sea-level,  in  which  he 
collected  bones  of  Halichcerus  gryphua  (grey  seal),  Phoca  hispida 

'  Ann.  &  Mag.  Nat.  Hist.,  ut  mjark,  p.  483. 
2  In  Watercourse  Bay,  Grinnell  Land,  lat.  81°44'N. 

'  Quart.  Joum.  Geol.  Soc,  toI.  ixriv  (1878),  p.  666  ;  Nares,  ut  suprii,  pi  327. 
*  A  number  of  instances  from  different  parts  of    Scandinayia   are    cited   by 
J.  F.  Campbell :  **  Frost  and  Fire,'*  vol.  i,  p.  361. 


Digiti 


zed  by  Google 


Colonel  Feilden*8  Contributions  to  Glacial  Oeohgy.       291 

(the  ringed   seal),  and   Oadus  morr^tia,  with  Bucdnum  undatum, 
Modiola  modiolus,  and  Pecten  Islandieus. 

C.  The  Kola  Peninsula. — ^The  coast  scenery  is  bold,  bat  the  hills 
inland  seem  planed  down  to  a  general  level,  the  highest  summits 
apparently  rising  to  500  or  600  feet.  In  bays  and  indentations 
immense  raised  beaches  are  noticeable,  especially  to  the  westward 
of  Gape  Chevni.  A  '^  remarkable  and  prevailing  feature  of  the 
country  is  the  vast  number  of  erratic  blocks  spread  over  it  in  every 
direction."  '  These  are  of  local  origin,  so  that  they  cannot  be  the 
leavings  of  a  circumpolar  ice-sheet  Mr.  F.  G.  Jackson  is  quoted  as 
having  observed  raised  beaches  and  coniferous  wood,  proving  an 
elevation  of  something  like  250  feet  eastward  of  the  estuary  of  the 
Petsora  river. 

D.  Kolguev  Island. — This  lies  about  50  miles  away  from  the  main- 
land of  Europe,  and  130  miles  south-west  of  the  nearest  part  of 
Novaya  Zemlya;  the  depth  of  the  sea  in  the  one  case  not  being 
greater  than  30  fathoms,  in  the  other  probably  70  fathoms.  It  is 
oval  in  shape,  and  about  the  area  of  Norfolk,  being  apparently 
*'  a  vast  accumulation  of  glacio-marine  beds."  *  The  highest  ground 
in  the  island  is  about  250  feet  above  sea-level,  but  the  shore-line  is 
often  formed  by  low  cliffs  of  a  bluish-grey  clay,  not  exceeding  60  to 
70  feet  in  height ;  the  island  becomes  flatter  towards  the  south-west, 
and  there  a  considerable  district  is  overlain  by  sea-sand.  The 
ground  is  furrowed  by  ravines,  often  rather  short,  which  have  been 
cut  by  rivulets  and  afford  sections  of  the  clay,  their  beds  being 
etrewn  with  stones  and  boulders  derived  from  it.  These  vary  in 
form  from  angular  to  rounded  and  polished,  a  large  proportion 
being  ice-scratched.  *'  The  medley  of  rocks  represented  is  remark* 
able — granites  and  gneisses,  limestoQes  Silurian  and  Carboniferous, 
grits,  quartzites,  porphyries,  etc. ;  they  vary  in  size  from  walnuts  to 
large  dimensions.^  They  do  not  exhibit  the  slightest  tendency  to 
form  lines  of  horizontal  deposit  in  the  clay,"  the  matrix  of  which 
fihows  no  signs  of  stratification  or  of  disturbance.  "  My  opinion  is, 
that  all  have  been  dropped  from  floating  ice  intermittently  and 
tranquilly  ....  Not  unfrequently  the  clays  pass  into  horizons 
of  a  more  sandy  composition,  although  so  insensibly  that  the 
alteration  is  evidenced  more  by  the  change  in  colour  than  by  any 
definite  lines  of  demarcation."  Deposit  has  been  continuous ;  there 
are  no  beds  of  gravel  traversing  the  clays  as  in  Grinnell  Land  and  at 
Smith  Sound,  where  the  horizons  of  clay,  sand,  and  gravel  are  often 
distinctly  defined.  No  drift-wood  occurs ;  the  remains  of  moUusca 
are  not  common,  and  for  the  most  part  fragmentary.  The  following 
were  obtained  :  Natica  affinis,  fragments  of  gasteropod  {8ipho7  sp.), 
Saxicava  arctica,  Astarte  eompressa  and  horealis,  Mya  arenaria,  and 
fragments  of  Mya,  sp.     The  clay.  Colonel  Feilden  remarks,  is  not 

^  Some  peculiarities  in  their  distribution  are  mentioned,  hut  on  these  it  is  needless 
to  dwell. 

*  No  rock  of  greater  solidity  was  anjrwhere  seen  in  situ. 

'  One,  of  a  hard  yellow  sandstone,  polished,  scored,  and  striated,  measured 
15  X  9  X  6  feet. 
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similar  to  the  "firm,  tough,  tenacious,  strong "  material  oalled  'till  *' 
in  Scotland,  but  rather  resembles  the  Boulder-days  of  the  Torkshire 
coast  and  the  Chalky  Boulder-day  of  Norfolk*^  He  regards  it  as 
a  glaoio-marine  deposit,  not  that  of  an  ice-sheet,  and  «  formed  under 
conditions  similar  to  those  which  at  present  exist  in  Barents  Sea." 

E.  WaigaU  Island.  —  This  is  about  sixty  miles  in  length  and 
twenty  in  breadth.  Its  ridges  probably  in  no  case  exceed  300  feety 
and,  as  a  rule,  are  much  lower.  Specimens  collected  tti  iita.  repre- 
sent :  limestones,  sometimes  dolomitic ;  argillite  and  green  schistose 
rocks,  perhaps  compact  basic  igneous  rocks  modified  by  crushing. 
The  first-named  bear  a  general  resemblance  to  some  of  the  Carboni- 
ferous limestones  of  Britain,  and  contain  foraminifera  which  make 
their  identification  highly  probable.'  The  valleys  and  troughs  are 
filled  by  day  and  sand,  mostly  the  former,  which  is  of  the  same 
character  as  that  now  forming  under  water  in  the  bays  and  around 
its  shores.  These  deposits  at  Cape  Matinsela  exceed  100  feet  in 
thickness.  They  were  followed  for  several  miles  on  both  sides  of 
the  Cape,  forming  low  hills  50  to  100  feet  in  height  along  the  coast 
(the  result  of  denudation).  Where  examined,  they  showed  no  definite 
signs  of  stratification,  and  contained  laige  ice-polished  boulders;'* 
in  fact,  they  resemble  the  Kolguev  clay.  No  shells  of  marine 
moUusoa  were  found  in  them,  but  samples  submitted  to  Mr.  Joseph 
Wright  contained  foraminifera  and  sponge  spicules,  the  latter  in 
abundance.  ''  These  Matinsela  beds  pass  by  almost  imperceptible 
gradations  into  the  gi^y  marine  clay,  with  shells  of  recent  molluscs, 
that  now  forms  the  surface  of  the  pi*esent  tundra  land."  This  \& 
rich  in  foraminifera,  and  is  the  most  widely  dispersed  deposit,  for  it 
is  spread  over  the  tundra  land  of  Arctic  Russia,  over  Waigats,  and 
over  Novaya  Zemlya  up  to  an  altitude  of  at  least  500  feet,  always 
forming  the  surface  layer.  <' Precisely  the  same  clay  comes  up  in 
the  dredge  or  on  the  flukes  of  the  anchor  in  the  Straits  of  Yugov,  in 
Dolga  Bay,  and  other  anchorages  on  the  coasts  of  Waigats." 
Colonel  Feilden  also  calls  attention  to  the  effects  of  floating  ice  in 
smoothing,  polishiug,  and  scoring  projecting  rocks,  and  in  thrusting- 
np  mounds  of  gravel  "  many  feet  beyond  tide  line,  both  here  *  and  in 
Novaya  Zemlya."* 

F.  Novaya  ZsnUya, — Colonel  Feilden  landed  at  places  on  the  west 
coast  of  the  southern  island,  on  the  east  coast  of  the  northern  one  aa 
for  as  Pachtussoff'  Island,  and  in  Matyushin  Shar,  the  dividing  strait. 
On  Gk>oseland  and  the  islands  in  Kostin  Shar,  deposits  of  Boulder- 
day  lie  in  their  undulations  and  hollows,  a  depth  of  20  feet 
being  shown.    The  clay  was  of  the  same  colour  as  the  rock  on 

^  See  **  Beyond  Petsora,"  pp.  238,  239,  for  a  note  on  the  composition  of  the^ 
Solgney  deposits. 

*  Ut  suprit,  pp.  279,  280.  Silurian  and  possibly  Lower  DeTonian  rocks  occur  at 
Cape  Gre^n,  at  the  south  end  of  the  island ;  see  £.  T.  Newton,  pp.  287-294. 

*  The  following  specimens  were  taken  hx)m  erratics  :  granite  (three  yarieties), 
felspathic  grit  (three  varieties),  limestone  (two  varieties,  one  shown  by  fossils  to  be 
Carboniferous  or  possibly  Devonian  in  age) ;  fragment  of  a  guard  of  a  belemnite, 
probably  Jurassic ;  lignite,  probably  not  earlier  tli^n  Tertiary  age. 

*  UtsupiA,  pp.  270,271. 

*  Ut  suprii,  pp.  249-254. 
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whioh  it  rests ;  the  inoladed  stones  were  angular  fragments  of  that 
rook;  none  were  roanded  or  ice-scratched.  In  many  places  it  is 
"full  of  shells  of  marine  mollusca,  Saxieava  arciica  predominating^ 
though  I  found  other  species  common  enough.  In  some  localities 
one  might  gather  these  shells  hy  the  hushel,  few  of  them  broken, 
never  triturated,  and  in  some  ceises  the  two  valves  are  in  contact" 
Raised  beaches  were  observed  in  all  the  above-named  parts  of 
Novaya  Zemlya,  but  more  particular  descriptions  are  given  of  those 
around  Beluga  Bay  in  the  Matyushin  Shar,  and  on  the  eastern  outiet 
of  that  strait  The  beacheSi  four  or  five  in  number,  rise  one  above 
the  other  in  a  series  of  terraces  with  broad  level  surfaces,  separated 
by  slopes  of  about  100  feet  in  height,  the  most  elevated  being  about 
500  feet  above  present  sea-level.  Sections  have  been  cut  in  them 
by  streams,  which  disclosed  accumulations  of  shells,  chiefly  Saxieava 
aretica  and  Asiarte  horealis,  **  The  100-foot  terrace  has  a  common 
origin  with  a  series  of  outliers  in  the  shape  of  rounded  hills  and 
eminences,  now  detached  to  some  distance  from  the  line  of  terrace 
and  bordering  the  present  sea-shore.  A  section  in  one  showed  it  to 
be  composed  of  the  same  materials,  viz.,  rounded  stones,  sand, 
and  gravel."  At  elevations  up  to  1,000  feet  on  the  hillsides 
bounding  the  Matyushin  Shar,  Colonel  Feilden  came  across  '*  patches 
of  rounded  waterwom  pebbles,  that  seemed  to  be  remnants  of  still 
loftier  sea  beaches,"  but  they  were  so  overwhelmed  by  the  screes 
falling  from  the  upper  parts  of  the  mountains,  that  they  could  not  be 
traced  very  far  in  a  horizontal  direction. 

Mr.  Joseph  Wright,  F.Q.S.,  has  written  a  most  valuable  report 
on  the  fomminifera  from  these  deposits  in  Novaya  Zemlya  and 
Waigats  Island.  The  samples  of  clay,  twenty-six  in  number,  twelve 
from  various  parts  of  the  Gape  Matinsela  terraces,  averaged  about 
2^  oz.  from  each  locality.  It  may  suffice  to  give  a  brief  abstract  of 
the  general  results,  referring  the  reader  to  the  report^  for  particulars. 
In  Waigats  Island,  clay  or  mud  with  shells  at  50  feet  elevation 
from  four  localities  yielded  foraminifera :  one,  two  genera ;  another, 
three ;  a  third,  three  genera ;  individuals  in  all  cases  being  rare ; 
but  the  fourth  locality  afforded  8  genera  and  14  species,  four  of 
these  being  common,  besides  frequent  sponge  spicules.^  Clay  with 
shells,  100  feet  elevation,  gave  6  genera  and  9  species,  only  one 
of  them  common.  Eleven  small  samples  from  the  terraces  and 
deposits  of  Cape  Matinsela,  which  rise  to  the  height  of  150  feet, 
furnished  only  two  foraminifera,  of  the  same  number  of  genera, 
but  sponge  spicules  were  very  common.  On  the  Russian  mainland, 
near  Habarova,  clay  with  shells,  forming  the  surface  soil  of  the 
tundra,  at  25  feet  elevation,  contained  9  genera  and  13  species, 
six  of  them  common,  besides  frequent  sponge  spicules  and  very 
numerous  ostracods.  From  the  same  neighbourhood,  clay  with 
shells  at  50  feet  elevation  afforded  3  genera  and  4  species.  The 
specimens  from  Matyushin  Shar,  Novaya  Zemlya,  gave  the  following 
results: — East  side  of  Beluga  Bay,  100-foot  terrace,  3  genera  and 


»  TJt  suprii,  pp.  297-310. 
'  In  the  remainder  of 
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speoies ;  two  openings  in  a  terrace,  composed  of  a  sti£f  yellow  clay, 
at  about  the  same  elevation,  afforded  in  one  case  one  genus,  in  the 
other  two  genera.  Clay  and  sand  from  a  terrace  130  feet  high 
contained  7  genera,  13  species,  with  one  specimen  of  an  ostraood 
and  a  few  sponge  spicules.  Shell  bed,  belonging  to  the  300  feet 
mud  beds  of  Beluga  Bay,  but  three  miles  inland,  contained  a  great 
profusion  of  foraminifera,  many  of  them  being  large  in  size  and 
in  fine  preservation.  They  represented  15  genera  and  34  species. 
A  very  few  echinus  spines  also  occurred.  Clay  with  shells  from 
the  500-foot  terrace  contained  10  genera  and  24  species,  twelve 
being  common,  and  half  of  these  estimated  as  making  up  between 
them  840  specimens,  all  the  rest  together  amounting  to  75. 
Ostracods  were  rare,  echinus  spines  more  abundant,  the  specimens 
being  large.  The  last  sample  comes  from  Nameless  Bay,  west  ooast 
of  Novaya  Zemlya  proper,  250  feet  elevation.  In  it  foraminifera 
were  abundant,  numbering  8  genera,  13  species.  To  sum  up  in 
Mr.  Wright's  words  : — "  Foraminifera  occurred  in  all  .  .  .  .  ; 
in  nine  of  them  they  were  very  rare  or  rare,  in  one  of  them  they 
were  plentiful,  in  the  other  five  they  were  in  great  profusion. 
Sponge  spiciUes  in  a  somewhat  fittgmentary  state  were  found  in 
nearly  all  of  them,  and  ostracods  and  spines  of  echinoderms  in 
several.^  ....  Nearly  all  the  stones  which  occurred  in  the 
days  were  more  or  less  rounded,  and  presented  the  appearance 
of  having  been  worn  by  marine  action ;  in  a  few  cases  they  were 
smoothed  and  striated,  as  if  by  the  action  of  ice.  The  conditions 
under  which  these  clays  were  deposited  must  have  been  very 
varied,  as  in  some  of  them  foraminifera  are  abundant,  whilst  in 
others  they  are  extremely  rare.  When  they  are  abundant  it  may 
be  inferred  that  the  clays  were  laid  down  in  quiet  water  or  in 
sheltered  bays,  and  not  subjected  to  the  rapid  running  of  currents  or 
tides ;  and  when  they  are  few  it  may  be  presumed  that  the  reverse 
was  the  case.'' 

In  this  summary  I  have  restricted  myself  to  Colonel  Feilden's 
observations  of  facts,  excluding  inferences,  except  in  one  or  two 
oases  where  they  express  the  impression  produced  by  the  general 
aspect  of  a  deposit,  which,  from  an  experienced  observer,  has  almost 
an  equal  value.  I  may,  however,  add  that  he  saw  no  reason  for 
attributing  any  of  the  deposits  on  the  low  islands  or  the  mainland 
tondra  to  the  action  of  a  great  polar  ice-sheet  As  Novaya  Zemlya^ 
at  least  in  the  centre  and  north,  is  mountainous,  the  summits  rising 
to  not  less  than  4,000  feet  above  sea-level,  it  must  have  always  been 
a  nucleus  of  outflowing  ioe,^  so  that  the  materials  of  its  terraces 
oannot  have  made  a  subglacial  journey  uphill  from  the  bed  of  the 
sea.  Such  an  hypothesis  would  be  more  than  ever  improbable  in 
the  narrow  strait  of  Matyushin  Shar. 

1  A  few  samples  of  the  mud  of  the  sea-bed  were  collected  and  examined.  They 
were  fonnd  to  correspond  generally  with  the  aboTe-named. 

'  The  interior  oi  Liitke  Land  at  the  present  day  is  covered  with  ice  which 
probably  forms  a  single  sheet,  ''similar  to  that  enveloping  Greenland,  but  on 
a  smaller  scale." — Pearson  in  "  Beyond  Petsora,**  p.  160. 
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n. — ^Thb  Obdeb  op  Consolidation  of  the  Mineral  Constituents 
OF  Igneous  Books. 

By  Profeesor  W.  J.  Sollab,  LL.D.,  D.Sc,  F.E.S.,  V.P.G.S. 

rE  order  in  whioh  the  varioas  mineral  oonstitnents  of  an  igneons 
rock  may  crystallize  out  from  an  igneous  magma  offers  to  the 
petrologist  a  problem  of  great  difficulty  and  complexity.  It  is 
generally  admitted  that  the  order  of  consolidation  is  not  wholly 
determined  by  the  order  of  the  fusion-points  of  the  constituents^ 
and  with  this  admission  the  fusion-points  have  come  to  be  con- 
sistently disregarded,  as  though  they  might  safely  be  left  out  of 
account.  That  this  is  not  the  case  has  of  late  become  strongly 
impressed  upon  me,  especially  after  a  consideration  of  the  important 
data  obtained  by  Mr.  Balph  Cusaok,  B.A.,^  who,  by  means  of 
Professor  Joly's  meldometer,  has  determined  the  precise  temperature 
of  fusion  of  most  of  the  rock-forming  minerals. 

In  the  following  table  I  have  arranged  the  more  important  of  the 
minerals  in  question  in  the  order  of  their  fusion-points,  as  determined 
by  Mr.  Cusack. 

Fusion  Point. 


Zircon 
Quartz 

infusible. 
1426°. 

H^blende}     "88°  to  1200°. 

Oliyine 

1863°  to  1378°, 

softens 

Albite          ...    1172°. 

at  1342°  C. 

MicrocUne    ...     1169°. 

Leucite 

1298°. 

Adularia      ...     1164°  to  1168°. 

Enstatite     ... 

1296°. 

Spbene        ...     1127°  to  1142°. 

Labradorite... 

1223°  to  12360. 

SodaUte       ...     1127°  to  1133°. 

Apatite 

1221°  to  1227°. 

Nepheline    ...     1069°  to  1078°. 

If  for  the  moment  we  disregard  quartz,  there  is  seen  to  be  on  the 
whole  a  general  correspondence  between  the  order  of  fusion-points 
and  the  order  of  consolidation ;  but  this  is  by  no  means  constant, 
and  is  subject  to  several  important  exceptions.  Zircon  is  well 
known  as  a  very  early  product  of  most  magmas,  and  this  accords 
with  the  very  high  temperature  of  its  fusion-point  Apatite  and 
sphene,  however,  often  appear  earlier  than  their  fusion-point  would 
indicate.  Olivine,  with  the  highest  fusion-point  among  the  silicates, 
also  usually  crystallizes  out  at  an  early  stage,  though  not  always 
before  leucite,  of  which  the  fusion-point  is  lower  by  100^  C.  It 
is  true  that  petrographers  are  not  wholly  agreed  as  to  the  relation 
in  which  leucite  stands  to  olivine  in  this  respect,  but  the  balance 
of  evidence  appears  to  show  that  both  may  crystallize  out  together, 
or  that  leucite  may  actually  precede  olivine.  It  is  of  importance 
to  notice  in  connection  with  this  that  the  leucite  and  olivine  on 
which  Mr.  Cusack  experimented  were  both  derived  from  Yesuvian 
rocks ;  had  this  not  been  the  case  the  argument  might  have  been 
maintained  that  the  particular  species  of  these  minerals  which  enter 
into  the  composition  of  the  lavas  of  Vesuvius  may  differ  in  chemical 
composition  from  those  of  whioh  the  fusion-points  have  been  deter- 
mined, and  therefore  may  differ  also  in  fusion-point      Enstatite 

^  Proc.  Roy.  Irish  Acad.,  ser.  m,  toI.  iv,  p.  411  (1897). 
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oooopies  a  position  in  the  order  of  consolidation  corresponding  with 
that  of  the  order  of  fusion.  Similarly  lahradorite,  with  a  fusion- 
point  between  enstatite  and  augite,  usually  follows  enstatite  and 
precedes  augite  in  order  of  consolidation.  That  it  is  as  a  rule 
extricated  from  the  magma  before  augite,  is  illustrated  by  the 
frequent  occurrence  of  ophitic  structure  in  dolerite.  Albite  fuses  at 
a  lower  temperature  than  augite,  and  usually  crystallizes  after  it 

It  would  be  natural  to  suppose  that  the  species  of  felspar  inter- 
mediate with  labradorite  and  albite  in  composition  would  be 
also  intermediate  as  regards  their  fusion-points,  and  if  so,  the 
irregularities  which  distinguish  the  succession  of  plagioclase  and 
pyroxene  might  find  an  explanation  in  the  fact  that  the  fusion- 
point  of  augite  stands  almost  midway  between  that  of  albite  and 
labradorite. 

The  potash  felspars  have  a  lower  fusion-point  than  albite,  and, 
as  is  well  known,  generally  succeed  it  in  order  of  consolidation. 

The  order  of  fusion  of  ortbodase,  sodalite,  and  nepheline  is 
repeated  in  the  order  of  consolidation  of  these  minerals  in  nepheline 
basanite ;  but  an  anomaly  is  presented  in  the  case  of  some  examples 
of  ffileolite  syenite,  in  which  nepheline  and  leucite  precede 
orthoclase  in  order  of  consolidation.  To  this  allusion  will  be  made 
later.  The  most  important  exception  to  the  rule  that  the  order 
of  fusion  corresponds  to  the  order  of  consolidation  is  afforded  by 
quartz,  which  with  a  fusion-point  of  1425°  crystallizes  later  than 
orthoclase  with  a  fusion-point  of  only  1164:°-1168°.  An  explanation, 
however,  may  be  found  for  this,  and  if  admitted  may  throw  light 
on  some  other  inversions  of  the  rule.  The  statement  of  Zirkel  will, 
I  think,  be  generally  conceded.  ''A  mineral  may  crystallise  out 
from  the  molten  silicate-magma  at  the  most  various  temperatures — 
naturally,  however,  never  above  its  own  fusion  point"  ^ 

The  fact  to  be  explained  therefore  in  the  case  before  us  is  the 
consolidation  of  quartz  at  a  temperature  below  the  fusion-point  of 
orthoclase,  i.e.  at  least  260^  below  its  own  fusion-point  In  the  report 
of  the  meeting  of  the  British  Association  for  1882  will  be  found  an 
account  of  some  experiments  made  by  Mr.  Hunter  for  a  committee  of 
the  Association  (p.  239).  Some  chemically  pure  silica,  "  prepared  by 
precipitation  from  sodium  silicate  with  hydrochloric  acid,  evaporation 
to  dryness,  thorough  washing,  and  subsequent  ignition,  was  placed  in 
a  sealed  iron-tube  and  heated  with  water  to  300°  C.  for  two  days. 
At  the  conclusion  of  the  experiment  the  impalpable  powder  of  silica 
was  found  to  have  caked  together  into  a  white  opaque  granular 
mass.'*  It  consisted  of  anhydrous  silica,  as  was  proved  by  chemical 
investigation.  The  results  of  an  examination  which  I  made  under 
the  microscope  were  as  follows: — ''It  was  found  to  have  passed 
into  a  state  of  glass.  The  glass  is  transparent  and  colourless  and 
hard  enough  to  scratch  ordinary  window  glass ;  it  is,  however,  filled 
with  innumerable  oval  and  tubular  cavities,  so  as  to  resemble  pumice, 
and  it  is  to  them  that  it  owes  its  whiteness  and  opacity  when  seen 
by  the  unassisted  eye." 

*  Zirkel :  "Lebrbuch  der  Petrogrtpliie,"  1893,  toI.  i,  p.  728. 
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These  facts  prove  that  in  the  presence  of  water  anhydrous  silica 
is  rendered  fluid  at  a  temperature  so  low  as  300^  0.  Whether  or  not 
under  these  circumstances  water  enters  into  its  constitution  is  not 
known,  but  after  consolidation  it  consists  of  truly  anhydrous  silica 
(Si  Of),  though  in  a  state  of  glass. 

That  water  is  associated  with  the  quartz  of  granite  and  other 
plutonic  rocks  is  well  known,  for  this  mineral  is  the  chief  home 
of  fluid  cavities,  which  recall  those  described  in  the  glassy  silica 
of  Mr.  Hunter's  experiment,  though  in  the  quartz  of  igneous  rocks 
they  are  relatively  far  less  abundant  The  old  explanation  of  the 
late  consolidation  of  quartz,  which  rested  on  the  suggestion  that 
solution  played  as  important  a  part  as  fusion  in  contiibuting  to  the 
fluidity  of  igneous  magmas,  is  to  a  certain  extent  thus  supported  by 
experimental  evidence.  The  mistake  of  the  older  school  of  petrologists 
lay  in  attributing  too  subordinate  a  role  to  fusion,  which  we  now 
know  plays  the  chief  part ;  but  in  making  this  nearer  approach  to 
the  truth  there  seems  to  me  a  possibility  that  we  may  have  fallen 
into  the  other  extreme  of  neglecting  to  take  into  consideration  the 
influence  of  water,  which  may  have  played  an  important  though 
minor  part  If  this  can  be  shown  to  be  the  case  we  shall  be  provided 
with  an  explanation  of  anomalies,  which  hitherto  have  resisted  all 
analysis.  To  return  to  the  case  of  sdleolite  syenite,  examples  are 
known  of  this  rock  in  which  the  several  minerals  have  crystallized 
out  in  the  order  of  their  fusion-points ;  on  the  other  hand,  examples 
can  as  certainly  be  cited  in  which  this  order  has  been  reversed,  so 
that  sodalite  has  followed  sdleolite ;  ffileolite,  orthoclase ;  and 
orthoclase,  plagioclase  felspar. 

No  satisfactory  explanation  has  yet  been  offered  of  this  and 
numerous  similar  cases,  but  if  the  order  which  follows  that  of  the 
fusion-points  be  looked  upon  as  the  normal,  our  task  will  be 
simplified,  since  it  will  be  reduced  to  finding  special  explanations 
of  particular  cases.  It  is  possible  that  these  explanations  will  not 
always  be  of  the  same  nature,  and  I  do  not  propose  now  to  enter 
into  a  detailed  study  of  this  question,  but  I  may  perhaps  be  allowed 
to  point  out  that  several  hypotheses  would  appear  to  be  excluded. 
The  influence  of  the  chemical  constitution  of  the  magma  is  sometimes 
alluded  to  in  general  terms,  though  rarely  analyzed  in  detail.  That 
it  must  be  very  limited  in  its  application  is  suggested  by  the 
experiment  of  Fouque  and  Levy,  in  which  they  showed  that  in 
the  case  of  two  fused  mixtures,  one  consisting  of  equal  parts  of 
anorthite  and  augite  and  the  other  with  twice  as  much  anorthite  as 
augite,  the  order  of  consolidation  was  the  same  for  both,  the 
anorthite,  as  might  have  been  expected  from  its  higher  fusion- 
point,  crystallizing  out  in  both  cases  before  the  augite.  Change 
of  pressure  is  sometimes  invoked,  and  considering  the  very  large 
reduction  in  volume  which  accompanies  the  consolidation  of  fused 
silicates  this  might  naturally  be  supposed  to  have  some  effect  If, 
however,  such  were  the  case  some  law  should  be  found  distinguishing 
the  order  of  consolidation  of  minerals  in  a  plutonic  magma  from  that 
in  a  volcanic  flow  ;   but  hitherto  no  constant  difference  has  been 
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disoovered.  The  effects  of  'mixture'  have  abo  been  appealed  to, 
and  it  is  possible  that  in  some  cases  the  minerals  which  consolidate 
out  of  turn  may  be  '  xenocrysts/  derived  from  some  ingested  foreign 
rock.  But  as  a  general  explanation  this  admittedly  cannot  be 
maintained. 

No  doubt  difficulties  will  also  be  found  to  attend  any  attempt  to 
explain  anomalies  by  the  presence  of  water,  but  it  appears  to  me 
that  the  attempt  is  worth  suggesting.  The  problem  as  it  now 
presents  itself  is  to  show  why  certain  minerals  retain  the  fluid  state 
at  a  temperature  below,  often  far  below,  that  of  the  fusion-point : 
thus,  in  the  case  of  some  examples  of  ffileolite  syenite  the  question  is 
why  plagioclase  felspar  crystallized  out  at  a  lower  temperature  than 
orthoclase,  orthoclase  at  a  lower  temperature  than  sodalite,  and  sodalite 
than  ffileolite.  Can  this  be  due  to  the  effects  of  included  water?  To 
answer  this  question  definitely  might  not  be  difficult  by  means  of 
experiment.  The  determination  of  the  fusion-points  having  been 
accomplished,  the  next  step  that  awaits  us  is  the  determination 
of  the  temperatures  at  which  the  minerals  in  question  crystallize 
from  solution.  An  investigation  in  this  direction  could  not  fail  to 
give  interesting  results. 

In  conclusion,  it  may  be  pointed  out  that  the  results  definitely 
obtained  in  the  case  of  quartz  indicate  that  the  temperature  of 
consolidation  of  granite  might  naturally  be  expected  to  be  below 
that  of  dolerite.  The  quartz  of  granite  has  consolidated  at 
a  temperature  below  that  of  orthoclase  and  d  fortiori  below  that 
of  plagioclase  and  pyroxene.  The  temperatures  of  fusion  of  these 
two  rocks,  as  observed  in  the  laboratory,  stand  in  inverse  order  to 
the  temperatures  at  which  they  consolidate  in  nature,  owing  to  the 
fact  that  in  the  case  of  fusion  by  artificial  means  water  plays 
no  part. 

III. — A  WoBD  ON  Geologioal  Hypothesis. 

By  Professor  H.  Macaulat  Posnett,  LL.D.,  etc. 

^^  SCIENTIFIC  men,"  said  Professor  Thomas  H.  Huxley,*  "get  an 
O  awkward  habit — no,  I  won't  call  it  that,  for  it  is  a  valuable 
habit — of  believing  nothing  unless  there  is  evidence  for  it ;  and  they 
have  a  way  of  looking  upon  belief  which  is  not  based  upon  evidence, 
not  only  as  illogical,  but  as  immoral." 

Quite  so.  There  is  no  higher  conception  of  truth  —  the  most 
exact  knowledge  attainable  at  the  given  time  and  place — no  nobler 
practice  of  truthfulness — the  unflinching  utterance  of  the  most  exact 
knowledge  we  possess — than  our  best  men  of  science  constantly 
display.  And  it  is  just  because  they  are  the  world's  highest 
guardians  of  truth,  the  world's  noblest  exponents  of  truthfulness, 
that  our  men  of  science  are  bound  by  the  laws  of  their  order  to 
set  the  study  of  facts  before  the  acceptance  or  retention  of  any 
theory,  to  expose  in  the  clearest  light  any  weak  points  in  reasoning 
that  on  the  whole  receives  their  approved,  to  boldly  dwell  upon  the 

^  **  Science  and  Hebrew  Tradition,*'  p.  65. 
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hypoihetioal  oharaoter  of  every  hypothesis  they  make,  and  never  to 
leave  hypothesis  or  assumption  to  the  tardy  discovery  of  those  who 
study  their  works. 

There  may  indeed  have  been  a  time  when  theological  dogmatism 
was  strong  enough  to  provoke  a  sort  of  scientific  dogmatism  by  way 
of  counterpoise.  But  neither  theology  nor  any  other  power  in  the 
sphere  of  popular  thought  can  now  restrict  the  freedom  of  scientific 
discovery  or  teaching  in  the  British  Empire.  Science  nowadays  can 
well  afford  to  point  out  her  own  shortcomings,  and  can  do  so  better 
than  any  of  her  foes.  To  some  of  these  shortcomings  it  is  my 
present  purpose  to  refer. 

1.  Our  geological  textbooks  sometimes  show  too  much  eagernesa 
to  impart  the  results  of  discovery  or  hypothesis  without  any  adequate 
statement  of  the  facts  or  the  reasoning  upon  which  these  discoveries 
and  hypotheses  rest.  Evidences  are  always  the  primary,  never  the 
secondary,  material  of  science  as  a  body  of  more  or  less  probable 
truths.  Evidences,  therefore,  are  very  improperly  handled  when  they 
are  relegated  to  a  secondary  place.  If,  for  example,  a  geological 
writer  accepts  the  theory  of  the  origin  of  hot  springs  as  due  to  the 
escape  of  subterraneous  gases,  it  is  his  duty  not  merely  to  state  the 
theory  but  to  add  the  evidences  for  and  against  its  truth.  We  may 
be  told  that  makers  of  textbooks  have  not  sufficient  space  for  the 
statement  of  evidences,  but  the  answer  is  plain :  either  do  not  put 
forward  the  theory  at  all,  or  give  as  fully  as  possible  what  must 
always  be  of  higher  value — the  facts  upon  which  the  theory  rests. 

2.  Many  of  our  scientific  manuals  suggest,  without  positively 
claiming,  a  degree  of  foreknowledge  that  is  not  really  as  yet  within 
our  reach.  An  experience  in  New  Zealand  will  illustrate  the  sort 
of  claim  I  have  in  mind.  Shortly  after  the  Tarawera  eruption  of 
June,  1886,  some  professors  of  science  proceeded  to  the  Rotorua 
district  and  there  held  a  Maori  meeting.  The  Maoris  were  told 
that,  the  lines  of  volcanic  energy  having  such  and  such  directions, 
they  need  entertain  no  fears  of  a  recurrence  of  the  late  disaster — 
''they  might  plant  their  kumeras  (sweet  potatoes)  in  peace." 
Hereupon  an  old  Maori  chief,  with  the  usual  sagacity  of  his  race, 
rose  and  remarked,  <'If  the  volcano-doctors  know  so  much  about 
what  is  to  be,  what  a  pity  it  was  they  did  not  come  and  forewarn 
us  of  the  eruption."  Needless  to  say,  the  '  volcano-doctors '  had  no 
i^ply ;  ftud  in  our  civilized  views  of  volcanic  forces  it  would  be  far 
better  to  own  ignorance  than  to  even  hint  a  claim  to  foresight  where 
it  does  not  as  yet  exist.  It  is  worth  adding  that,  not  very  far  from 
the  Rotorua  district,  in  the  now  famous  goldfields  of  the  Thames,  an 
eminent  but  dogmatic  and  hasty  geologist  many  years  ago  prophesied 
that  no  gold  could  there  ever  be  found. 

3.  The  points  at  which  geological  study  touches  other  sciences 
and  needs  their  aid  are  too  frequently  obscured,  understated,  or 
even  completely  omitted  in  some  geological  textbooks.  I  have  now 
before  me  a  textbook  written  by  a  very  able  geologist.  I  open 
it  at  the  chapter  entitled  <<  The  Earliest  Conditions  of  the  Globe." 
Here  I  find  a  lucid  statement  of  the  Nebular  Hypothesis  —  but 
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QDaooompanied  by  anj  detail  of  the  grounds  upon  whidi  that 
bjpothesis  rests  —  and  of  the  accepted  periods  of  the  geol(^;ical 
record  ;  bat  not  a  word  about  the  astronomer's  theory  of  the 
diminishing  velocity  of  the  earth's  rotation  produced  by  tidal  friction, 
not  a  word  on  the  important  bearing  of  tins  theory  on  the  primary 
geological  problem,  the  age  of  the  earth. 

I  choose  this  example^the  time  problem — becaase  tbere  are  other 
sciences  dependent  for  the  settlement  of  this  problem  on  the  joint 
laboars  of  geologist,  astronomer,  and  physicist,  and  my  azamjde 
therefore  illustrates  the  paramount  importance  of  snob  joint  study. 
"  The  biologist,"  said  Professor  Huxley,'  **  knows  nothing  whateyer 
of  the  amount  of  time  which  may  be  required  for  the  process  of 

evolution A  biologist  has  no  means  of  arriving  at  any 

conclusion  as  to  the  amount  of  time  which  may  be  needed  for 
a  certain  quantity  of  organic  change.  He  takes  his  time  from  tbe 
geologist" 

This  interdependence  of  scientific  studies  must  be  fully  recognised 
by  the  geologist,  both  for  his  own  sake  and  for  the  sake  of  others. 
He  cannot  afford  to  ignore  any  knowledge  possessed  by  any  other 
science  if  that  knowledge  has  an  important  bearing  on  his  own 
pursuits.  Always  he  roust  be  ready  to  learn  from  astronomer, 
physicist,  chemist;  and  though  to  the  last  of  these  three  he  has 
been  generally  willing  to  acknowledge  his  many  obligations  — 
obligations  likely  to  be  increased  in  the  near  future — he  has  but  too 
often  displayed  a. desire  to  avoid  the  physical  and  astronomical 
aspects  of  geological  science.  If  I  am  told  that  I  am  asking  too 
much  from  the  geologist — making  him  a  kind  of  universal  genius 
like  the  ideal  poet  described  in  Johnson's  '^Rasselas" — I  reply, 
*'  Nothing  of  the  sort ;  I  am  merely  insisting  upon  the  absolute 
necessity  that  any  first-rate  geological  discoverer  or  teacher  shall 
keep  steadily  in  view  the  points  at  which  other  sciences  may 
increase  his  light,  and  never  rest  satisfied  with  either  his  discoveries 
or  his  teaching  until  he  has  assured  himself  that  he  has  borrowed 
whatever  light  they  can  at  present  afford  him." 

4.  Sir  Archibald  Geikie  *  reminds  us  that  the  various  prooessee 
of  geological  changes  occurring  at  the  present  day  "  gain  enormously 
in  interest  for  the  student  of  nature  when  he  reflects  that  in  watching 
the  geological  operations  of  the  present  day  he  is  brought  face  to 
face  with  the  same  instruments  whereby  the  very  framework  of  tbe 
continents  has  been  piled  up  and  sculptured  into  the  present  out* 
lines  of  mountain,  valley,  and  plain." 

Quite  so.  The  hypothesis  of  the  unchanging  laws  of  nature  may 
not  only  be  regarded  as  the  geological  postulate,  but  as  the  postulate 
of  all  science  as  at  present  conceived.  We  are  fully  justified,  too, 
in  assuming,  6.g.,  that  the  facts  summarized  by  what  we  call  the  law 
of  gravitation  have  been  as  we  know  them  for  a  vast  period  of 
time.  But  we  can  lose  nothing  by  candidly  admitting  the  hypo- 
thetical character  of  even  this  great  postulate  of  all  science,  and 

»  "  Science  and  Hebrew  Tradition,"  pp.  134,  186. 
>  Class- Book  of  Geology,  p.  299. 
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the  possibility  that  new  knowledge  may  ultimately  modify  the 
principle  as  at  present  held.  To  keep  an  open  door  for  all  increase 
of  knowledge  cannot  but  aid  the  cause  of  scientific  progress.  Only 
the  surrival  of  dogmatism  beyond  the  conditions  that  gave  it  birtii 
and  the  need  of  dogmatic  teaching  in  oar  schools  and  colleges  can 
account  for  the  continued  readiness  of  some  men  of  science  to  repeat 
the  old  watchword,  '<  It  cannot  be  conceived." 

Let  me  illustrate  my  meaning  by  an  anecdote.  At  Takapuna,. 
near  Auckland,  is  a  fresh-water  lake,  nearly  at  sea-level,  regarded 
by  popular  theory  as  the  crater  of  an  extinct  volcano.  Here,  one 
day,  discussing  the  origin  of  the  lake  with  some  Auckland  University 
students,  I  was  asked,  ''  Has  the  earth's  water-envelope  been  greater 
or  less  in  past  ages?  Are  we  justified  in  assuming  the  relative 
conditions  of  land  and  water  to  have  been  in  the  past  as  they  are 
now  ?  May  not  both  the  igneous  and  the  aqueous  forces  observed 
by  our  geologists  differ  both  in  degree  and  kind  from  the  similar 
forces  of  a  primitive  age  ?  "  And  led  on  by  these  questions  we  soon 
ventured  upon  all  sorts  of  heterodoxy,  drew  imaginary  pictures  of 
an  evolution  of  water,  of  air,  of  combustion,  until  we  at  last  came  to 
a  conclusion  that  nature  had  intended  us  for  the  founders  of  a  new 
science  which  was  to  be  named  ''The  biology  of  the  elements  ancient 
and  modem." 

Twelve  years  have  elapsed  since  our  ideal  conversation,  and 
physicists  need  not  be  reminded  of  certain  signs  now  visible  on  the 
horizon  of  knowledge  which  seem  to  dimly  foreshadow  the  partial 
realization  of  our  Takapuna  dreams.  But  it  is  not  my  present 
purpose  to  discuss  new  physical  hypotheses;  it  is  merely  to  say 
what  I  then  said  to  our  Auckland  students :  ''  There  is  no  finality  in 
any  hypothesis  or  law  of  science,  and  for  this  reason,  if  for  no 
other,  it  is  the  duty  of  every  man  of  science  to  plainly  state  every 
assumption  on  which  his  science  rests,  and  to  put  these  statements 
not  in  out-of-the-way  corners,  but  in  the  very  front  of  his  scientific 
.  teaching  or  writing.*'  How  much  the  advance  of  discovery  could  be 
aided  by  the  student's  early  acquaintance  with  the  hypothetical  and 
provisional  character  of  his  principles — by  the  constant  reminder  of 
an  open  door  for  new  observations  and  new  inferences — none  but 
those  who  hold  exaggerated  views  of  the  need  of  dogmatic  teaching 
for  the  young  will  fail  to  perceive. 

The  dogmatism  of  some  geological  textbooks  deserves  the  more 
severe  censure  because  there  are  no  textbooks  of  science  more 
eagerly  read  by  that  omnivorous  person, '  the  general  reader ' — none,, 
consequently,  more  likely,  if  they  contain  loose  thinking,  to  diffuse 
unscientific  thought  under  the  name  of  science.  For  your  '  general 
reader,'  be  it  noted,  is  almost  as  intolerant  of  hypothesis,  plainly 
stated  as  such,  as  an  ancient  Hebrew  would  have  been  if  his  rulers 
bad  boldly  told  him,  "These  useful  changes  in  your  barbarous 
oustoms  we  assume  to  be  the  will  of  a  divine  Lawgiver,  because  we 
know  that  you  will  not  accept  the  improvement  unless  it  comes  to 
you  through  the  door  of  this  fiction."  But  rational  faith  in  hypo- 
thesis— i.e.  faith  ready  at  any  moment  to  accept  new  knowledge  and 
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to  modify  the  hypothesis  aooordingly — is  just  the  essential  qoality  of 
a  truly  soientifio  mind,  just  the  quality  that  the  'general  reader/ 
with  his  eternal  haste  for  generalization  and  his  eternal  zeal  for 
dogma,  can  never  understand. 

**  For  such  the  story  of  the  race — 

Chance  oft  has  found  what  System  lost ; 
For  System  claims  too  high  a  place, 
And  oft  too  high  a  price  has  cost.*' 

5.  There  are  other  directions  in  which  the  candid  statement  of 
hypotheses  can  only  minister  to  the  real  strength  and  interest  of 
geological  science.  The  various  classifications  of  rocks,  for  examplcr, 
lose  none  of  their  value  by  being  openly  reduced  to  their  true  level 
of  tentative  work,  instead  of  aping  a  '  natural '  origin.  Botanical 
and  zoological  systems  of  cleissification  can  lose  nothing  by  the  same 
straightforwardness.  But  there  is  another  aspect  in  which  the 
deficiencies  of  our  geological  textbooks  disclose  themselves. 

The  historical  study  of  geology  may  not  at  first  sight  appear 
a  fruitful  field  for  research.  A  science  comparatively  young  seems 
to  possess  as  yet  but  little  history,  though  this  fact  should  by  no 
means  excuse  the  total  absence  of  any  sketch  of  such  history  in 
almost  all  textbooks  of  geology.  But  though  geology,  under  its  own 
name  and  working  by  scientific  methods,  is  of  such  recent  origin, 
geological  thinking  of  some  sort  is  found  all  over  the  world  and  in 
all  the  literatures  of  the  world  from  the  earliest  times.  When,  for 
example,  Hebrews  described  their  God  as  ''moulding  mountains" 
or  "cleaving  the  earth  with  rivers,"  as  "putting  forth  his  hand 
upon  the  flint"  or  "breaking  down  the  rocks,"  it  is  clear  that 
the  geologists'  earth  -  sculpture  was  being  observed,  though  very 
differently  explained,  by  these  primitive  thinkers. 

If  it  be  said  that  such  primitive  thinking  is  not  nowadays  worth 
our  study,  I  answer  that  even  our  wisest  men  of  science  are  liable 
to  gross  blunders  if  they  neglect  such  historical  work.  Professor 
Huxley,  for  example,  in  his  "  Physiography,"  not  long  ago  confused 
the  modem  theory  of  atmospheric  circulation  with  the  ancient 
thought  of  that  Hebrew  writer  who  speaks  of  the  rivers  "  returning 
to  the  place  from  whence  they  come."  The  author  of  "  Ecclesiastes," 
as  I  have  elsewhere  proved,  was  referring  to  an  entirely  different  kind 
of  water-circulation  by  which  ancient  Hebrew  thought  accounted 
for  the  origin  of  springs  as  an  outlet  of  their  "  waters  beneath  the 
earth,"  waters  upon  which  they  conceived  their  earth  to  rest.  If  it 
were  for  no  other  purpose  than  to  guard  ourselves  against  a  wild 
confusion  of  modem  with  ancient  thinking,  we  must  study  primitive 
geology  as  expressed  or  implied  in  the  writings  of  ancient  times. 
A  fascinating  study,  this  primitive  geology,  but  needing  not  only 
patient  research  but  also  large  linguistic  knowledge.  Yet  I  see 
no  reason  why  our  handbooks  of  the  future  should  not  contain 
both  a  brief  history  of  geology  as  a  science  and  an  outline  of  the 
beginnings  of  thought  on  geological  subjects,  alike  in  ancient 
literatures  and  in  uncivilized  peoples  now  living. 
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IV. — WOODWARDIAN    MUSEUH    NOTBS  !    SaLTKE'S    UnDBSOBIBBD 

Spboies. 

By  p.  R.  CowPBR  Rbbd,  M.A.,  F.G.S. 

(PLATE  XII.) 

IN  the  ^'Catalogne  of  the  Cambrian  and  Silurian  Fossils  in  the 
Woodwardian  Museum,"  compiled  by  J.  W.  Salter,  F.Q.S.,  and 
published  in  1873,  many  new  specific  names  occur,  in  some  oases 
aocompanied  by  a  few  words  of  description,  but  frequently  by  none 
at  all.  Although  several  of  these  species  have  been  described  by 
subsequent  writers,  there  yet  remains  a  large  number  which  are  only 
known  by  their  names,  some  of  which  have  found  their  way  into 
geological  literature.  It  therefore  seemed  desirable  to  rescue  these 
forms  from  their  present  unstable  position,  and  to  issue  a  detailed 
account  of  their  characters  to  avoid  future  confusion.  The  original 
specimens  are  in  the  Woodwardian  Museum,  and  though  in  many 
instances  they  are  in  a  poor  state  of  preservation,  rendering  the 
precise  and  minute  diagnosis  of  the  species  difficult,  yet  the  sub- 
sequent acquisition  of  further  specimens  of  the  same  forms  has 
enabled  me  to  make  the  descriptions  more  complete. 

TRILOBITA. 

Olxnus  (s.g.  Pababolinella)  Planti,  Salter.     (PI.  XII,  Fig.  1.) 
1873.     OUnua  Plantii,  Salter :  Cat.  Camb.  Sil.  Foas.  Woodw.  Mus.,  p.  11  («  272). 
1877.     0Unu9  Flantii,  H.  "Woodward:  Cat.  Brit.  Fosa.  Crust.,  p.  47. 
1891.     Olenus  Flanti,  Woods:  Cat  Type  Foss.  Woodw.  Mua.,  p.  149. 

Salter  described  this  species  (loc.  oit.  supra)  as  follows : — ''An  oval 
species,  much  flattened  and  expanded.  Mr.  J.  Plant,  who  discovered 
it,  has  distributed  casts  and  photographs  of  this  fine  and  well-marked 
fossil."  In  addition  to  the  almost  complete  specimen  labelled  a,  272, 
from  the  Upper  Lingula  Flags  of  Moel  Gron,  Upper  Mawddach, 
there  are  two  casts  and  a  photograph  of  the  same,  and  two  casts  and 
a  photograph  also  of  an  imperfect  head-shield,  showing  the  free 
cheek  attached,  from  the  same  beds  at  Craig  y  Dinas.  These  were 
presented  to  the  Woodwardian  Museum  by  Mr.  Plant  On  the 
specimen  a,  272  the  name  **  Conocoryphe  Plantii "  is  written  in  white 
paint,  but  by  whom  or  at  what  date  is  uncertain.  From  this 
material  the  following  diagnosis  of  the  species  is  possible : — 

Diagnosis. — General  shape  oval.  Head-shield  almost  semicircular 
in  outline,  the  curve  being  slightly  flattened  in  front ;  about  twice 
as  broad  as  long.  Genal  angles  spined.  Glabella  subquadrate, 
nearly  as  broad  as  long,  slightly  narrowing  anteriorly  ;  about  three- 
fourths  the  total  length  of  the  head-shield ;  gently  convex  and  raised 
above  cheeks,  from  which  it  is  sharply  marked  off  by  straight 
regular  axal  furrows  which  converge  a  little  towards  the  front  end 
round  which  they  curve  and  meet,  defining  it  from  the  flattened 
pre-glabellar  common  portion  of  the  fixed  cheeks.  Surface  of 
glabella  marked  with  two  distinct  pairs  of  lateral  furrows.  The 
furrows  of  the  posterior  pair  run  obliquely  backwards  with  rather 
an  irregular  wavy  course  at  angles  of  about  45°  to  the  axal  furrows, 
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and  unite  in  the  middle  at  a  distance  from  the  neok-farrow  equal  to 
the  width  of  the  oooipital  ring,  thus  forming  a  broad  U-shaped 
groove  across  the  glabella.  The  furrows  of  the  anterior  pair  have 
a  similar  wavy  backward  course  parallel  to  the  posterior  pair,  but 
thej  meet  in  the  middle  at  an  acute  angle  in  a  broad  V  instead  of  U 
at  a  point  situated  at  just  half  the  total  length  of  the  glabella.  The 
outer  ends  of  both  pairs  of  furrows,  particularly  of  the  posterior  pair, 
curve  backwards  just  before  reaching  the  axal  furrows,  and  diminish 
considerably  in  strength. 

Frontal  lobe  of  glabella  subtriangular  in  shape  and  lai^, 
being  just  half  the  length  of  the  glabella.  Neck-furrow  nearly 
straight,  marking  o£f  a  rather  broad  occipital  ring  of  regular  width 
ornamented  with  a  small  median  tubercle,  and  divided  obscurely 
into  three  portions  by  two  faint  oblique  arched  furrows  arising  from 
the  posterior  angles  and  meeting  in  the  middle  on  the  neck-furrow. 
Eye  rather  small,  equal  in  length  to  the  width  of  the  middle  glabellar 
lobe ;  situated  just  opposite  or  a  little  in  front  of  this  lobe,  a  short 
distance  from  the  axal  furrow  and  near  the  front  end  of  the  glabella, 
with  which  it  is  connected  by  a  weak  '  eye-line.' 

Facial  sutures  cut  the  front  margin  of  the  head-shield  at  angles  of 
rather  more  than  60^,  and  at  a  distance  apart  of  about  one  and  a  half 
times  the  width  of  the  glabella.  From  the  point  of  section  each 
suture  takes  a  backward  and  inward  course  in  nearly  a  straight  line 
to  the  eye,  round  the  projecting  lobe  of  which  it  sweeps ;  thence 
it  bends  obliquely  backwards  in  a  weak  outward  curve  to  cut  the 
posterior  margin  of  the  head-shield  at  an  angle  of  about  46^  and 
at  a  distance  from  the  axal  furrow  nearly  equal  to  the  basal  width  of 
the  glabella  and  at  about  two-thirds  the  distance  to  the  genal  angle. 

Border  present  round  the  anterior  edge  of  the  head-shield,  of 
moderate  width  and  rounded,  marked  off  by  a  distinct  marginal 
furrow.  Neck-ring  behind  the  fixed  cheeks  about  equal  in  width 
to  this  anterior  border,  but  only  half  the  width  of  the  occipital  ring. 

Free  cheeks  (shown  in  the  specimen  from  Craig  y  Dinas  attached 
to  a  portion  of  the  middle-shield)  roughly  triangular  in  shape, 
and  furnished  with  a  short  straight  genal  spine  less  than  half  the 
length  of  the  head-shield  and  directed  slightly  outwards. 

Thorax,  incompletely  known.  Only  ten  segments  are  preserved 
in  our  specimen  from  Moel  Gron,  two  of  these  being  attached  to  the 
head-shield  and  separated  from  the  rest  of  the  body  by  a  space  of 
7  mm.  in  length,  which  is  equal  to  about  five  segments.  It  is  clear 
from  an  examination  of  the  specimen  that  this  space  was  originally 
occupied  b}'  segments  of  the  body  which  are  now  missing,  for  the 
axis  of  the  second  segment  attached  to  the  head  is  nearly  one  and 
a  half  times  as  wide  as  the  axis  of  the  first  segment  of  the  detached 
posterior  portion,  and  the  two  portions  did  not  therefore  fit  together. 
There  does  not  seem  to  have  been  any  movement  or  separation  of  the 
two  portions  of  the  specimen,  for  if  the  axial  furrows  of  the  anterior 
part  be  continued  in  their  course  backwards  across  the  gap  they 
are  found  to  exactly  meet  those  of  the  posterior  part  and  to  preserve 
the  regular  tapering  of  the  axis.    We  may  therefore  conclude  that 
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the  thorax  was  composed  of  the  ten  segments  whioh  we  now  see 
pliiB  five  segments  to  fill  up  the  existing  gap. 

Axis  of  thorax  gently  convex,  unomamented,  and  gradually 
decreasing  in  width  posteriorly.  Pleural  portions  on  each  side  about 
one  and  a  half  times  as  wide  as  the  axis,  but  showing  posteriorly 
a  slight  increase  in  relative  width.  PleursB  straight  with  parallel 
margins  as  far  as  the  distant  fulcrum,  at  which  they  bend  backwards 
to  end  in  a  short  broad  falcate  free  point.  Each  pleura  is  marked 
by  a  strong  straight  continuous  diagonal  furrow,  carving  round  at 
the  fulcrum  to  end  at  the  point. 

Pygidium  transverse  in  shape,  broadly  semicircular,  with  a  regular 
rounded  mai^in,  and  with  a  distinct  marginal  furrow  marking  off 
a  narrow  border.  Axis  convex,  bluntly  pointed,  very  slightly 
tapering,  composed  of  four  rings ;  length  about  two-thirds  that  of 
the  pygidium,  connected  with  the  posterior  edge  of  pygidium  by 
a  short,  sharply  pointed,  un  segmented,  and  less  elevated  appendix, 
which  interrupts  the  continuity  of  the  border.  On  the  lateral  portions 
of  the  pygidium  four  pairs  of  pleur®  with  their  diagonal  furrows 
are  present,  and  of  these  the  anterior  pair  has  the  furrows  the  most 
strongly  marked. 

Measubemsnts. 

mm. 

Length  of  trilobite        37-0 

LenSth  of  bead -shield  ...        12-0 

Width  (estimated)  of  head-shield        250 

Width  of  middle-shield  at  base            19*0 

Width  of  fixed  cheek  at  base 6*0 

Length  of  glabella        ...        / 8*5 

Wifih  of  ditto  at  base 7*0 

Length  of  pygidium      6*0 

Width  of  ditto 12-6 

Rbhabks. — The  subgenus  of  Olenus  to  which  this  species  appears 
to  belong  is  that  named  Paraholinella  by  Brogger.^  The  sub- 
quadrate  glabella  not  reaching  the  front  margin,  the  wide  pre- 
glabellar  portion  of  the  head-shield,  the  rounded  margin,  the  course 
of  the  facial  suture,  the  position  and  relative  size  of  the  eyes,  the 
characters  of  the  occipital  ring,  the  genal  spines  of  the  free  cheeks, 
the  pygidium  with  regular  bordered  edge,  not  furnished  with  spines, 
with  a  3-4  jointed  axis,  and  lateral  lobes  marked  with  distinct 
furrows,  are  the  most  important  features  in  common  between 
0.  Flanii  and  the  subgenus  FaraholineUla  as  defined  by  Brdgger. 
The  presence  of  only  two  instead  of  three  lateral  furrows  on  the 
glabella  is  a  point  of  difference,  but  perhaps  not  of  much  importance 
in  this  case,  as  we  see  on  examining  Brogger^s  figure  of  P.  rugosa 
(loc.  cit,  tab.  iii,  f.  8)  that  an  indefinite  number  of  furrows  seem 
to  be  present  in  that  species,  and  their  irregular  character  and 
tendency  to  unite  in  the  middle  also  reminds  us  of  0.  Planti,  In 
the  case  of  the  pleuras  their  shape  and  straight  diagonal  furrow 
resemble  more  closely  those  of  Parabolina  spinulosa,  but  the  short 

1  Die  Silur.  Etag..  2  and  3  (1882),  p.  102,  tab.  iii,  f.  2a,  b,  3,  and  ia, 
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falcate  instead  of  long  spinose  ends  distinguish  them.  Moreover, 
the  oharacters  of  the  pygidiam  and  head-shield  completely  separate 
0.  Planti  from  the  sahgenus  Faraholina. 

The  only  other  British  forms  calling  for  any  comparison  are  the 
so-called  '  Conocoryphe '  WUUamsoni  (Belt),^  the  species  of  Para- 
holinella  described  by  Miss  Crosfield  and  Miss  Skeat,'  and  Olenua 
triarthrus  (Callaway)  from  the  Shineton  Shales.  Belt's  speoies 
probably  belongs  to  Paraholinella,  the  only  important  point  of 
difference  being  the  presence  of  two  instead  of  three  pairs  of 
glabellar  furrows,  llie  pygidium  of  *  Conocoryphe '  WUUamsoni 
seems  to  be  almost  identical  with  that  of  0.  PlanUy  and  the 
pleur»  are  very  similar,  but  the  characters  of  the  glabella  and 
head-shield  are  sufficient  to  warrant  their  specific  separation. 

The  species  of  Paraholinella  from  the  Tremadoo  of  Nant  y 
Glasdwr,  described  by  Miss  Crosfield  and  Miss  Skeat  (loo.  cit),  is 
only  known  by  an  imperfect  head-shield.  It  differs  from  0.  PlanU 
by  the  greater  number  of  glabellar  furrows,  by  the  larger  eyes,  by 
the  course  of  the  facial  sutures,  and  by  the  narrower  fixed  cheeks. 

The  only  other  British  species  of  Paraholinella  is  P.  \^Olenu$] 
triarthrus  (Callaway),'  from  the  Shineton  Shales,  and  it  differs  from 
P.  Planti  by  its  broader  glabella,  by  the  union  of  the  posterior  and 
anterior  pairs  of  glabellar  furrows,  by  the  tubercles  on  the  axial 
rings  of  the  thorax,  and  by  the  characters  of  the  pygidium.  But  it 
is  evidently  a  closely  allied  species. 

Olenus  (Ctknopygb?)  bxpansus,  Salter.     (PI.  XII,  Figs.  2  and  3.) 

1873.     Olenut  {Spharophthalmus)  expannu,ii.Bp*t  Salter:   Cat.  Camb.  Silor.  Fosb. 

Woodw.  Mus.,  p.  12  (a  276). 
1877.     Olmua  (Sphtsrophthalmus)  expatuuSf  Woodward :  Cat.  Brit.  Fobs.  Crust.,  p.  47. 
1891.    0l4nus  {Spharophthalmm)  expantuSf  Woods  :  Cat.  Type  Foss.  Woodw.  Mus., 

p.  149. 

The  two  specimens  on  which  Salter  founded  this  species  are 
exceedingly  imperfect  and  fragmentary,  and  oonsist  only  of  a  few 
broken  thoracic  rings  attached  in  one  case  to  a  portion  of  a  pygidium 
showing  the  margin.  This  specimen,  though  crushed  and  flattened 
out,  is  the  less  incomplete  of  the  two,  but  is  extremely  unsatisfactory 
for  a  specific  description.  Salter  (loo.  oit  supra)  describes  the  species 
thus :  "  A  very  narrow  axis  and  enormously  wide  flanks  distinguish 
this."  The  long  narrow  pleurae,  of  which  7-8  are  visible  in  the 
better  and  larger  specimen  and  7  in  the  smaller  one,  are  straight, 
with  parallel  sides,  extend  at  right  angles  to  the  axis,  and  bend 
sharply  close  to  the  ends  to  terminate  in  short  points,  not  projecting 
outwards  nor  produced  into  spines.  Each  pleura  is  apparently 
furnished  with  a  narrow  raised  rounded  ridge  running  along  its 
anterior  margin,  with  a  distinct  groove  behind  it     The  general 

»  Geol.  Mao.,  Dec.  I,  Vol.  V  (1868),  p.  6.  PI.  II,  Figs.  7-11.  Salter's  Cono- 
coryphe JFilliamsoni  (Cat.  Camb.  Sil.  Foss.  Woodw.  Mus.,  p.  12)  is  distinct  from 
Belt's  form. 

a  Q.J.G.S.,  Tol.  m  (1896),  p.  637,  pi.  xxri,  figs.  11  and  12. 

3  Callaway  :  Q.J.G.S.,  vol.  xxxiii  (1877),  p.  666,  pi.  xiiv,  fig.  6.  Brogger  : 
Nyt  Magazin  fiir  Naturvidenskabeme,  vol.  xxxvi  (1897),  pp.  17S-185,  200. 
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flnrfaoe  of  the  pleura  bears  no  furrow  or  ridge,  but  close  to  the 
posterior  margin  are  two  equal  raised  thread-like  lines  parallel  to 
the  margin  and  to  each  other  and  separated  by  a  narrow  groove. 

The  axis  of  the  thorax  is  very  narrow  relatively  to  the  pleurae ; 
it  is  cylindrical  as  in  Ctenopyge  pecten  (Salter),  not  tapering  at  all 
posteriorly,  so  far  as  is  seen  in  the  smaller  specimen.  In  the  larger 
specimen  the  axis  is  too  imperfectly  preserved  to  make  out  any 
feature  clearly.  The  pygidium,  according  to  the  latter  specimen, 
appears  to  be  broadly  parabolic  and  slightly  pointed  or  apiculate 
posteriorly,  but  this  appearance  may  be  due  to  distortion  and  crushing. 
Its  lateral  lobes  are  flat  and  marked  by  straight  pleurae  similar  to 
those  of  the  thorax,  and  like  them  distinctly  furnished  with  the  ridge 
and  thread-like  lines.  They  terminate  on  the  margin  in  free  ends, 
bluntly  pointed  and  backwardly  directed,  of  which  six  or  seven  are 
distinguishable.    The  axis  of  the  pygidium  is  not  preserved. 

It  is  extremely  doubtful  to  what  subgenus  or  even  genus  this 
imperfect  fossil  should  be  ascribed.  It  however  seems  more  allied 
to  Earycare  or  Ctenopyge  than  to  Spharophthalmm.  The  long, 
straight  spinose  pleursd  of  the  thorax,  the  narrow  axis,  the  numerous 
segments  of  the  pygidium,  with  the  free  pointed  terminations  of  the 
pleurao  on  its  margin,  resemble  Ctenopyge,  but  the  shorter  length  of 
these  spines  and  their  falcate  shape  distinguish  them.  It  is  not, 
however,  possible  to  fix  with  certainty  the  true  generic  position  of 
this  imperfectly  known  species. 

The  specimens  (a,  275  of  Salter's  Catalogue)  were  found  in  the 
Upper  Lingula  Flags  of  Moel  Gron. 

mm. 
Length  of  pygidiom  of  larger  specimen  ...        12*0 

Width  of  fitto 23-0 

Width  of  thorax  25-0 

Width  of  axis  of  thorax  4*0 

N.B.  These  measurements  are  only  approximate,  owing  to  the 
bad  state  of  preservation  of  the  specimen,  and  its  distortion. 

Neseubetus  beouevatus  (Hicks)  ?     (PL  XII,  Fig.  4.) 
1873.     Calymene  vexata,  Salter :  Cat  Camh.  Sil.  Fobs.  Woodw.  Mob.,  p.  22  {a  469). 
1888.     Calymene  vexata,  Etheridge :  Pal.  Fobs.  Brit.  Isl.,  p.  46. 
1891.    NeseuretuM,  sp.,  Woods :  Cat.  Type  Foss.  Woodw.  Mus.,  p.  148. 

The  small  pygidium  named  by  Salter  Calymene  vexata  occurs  on 
a  slab  with  JVto6e  lAsaphellue,  Brogger]  menapiensis,  Ne$euretu$ 
quadrattts,  Ctenodonta  menapieneis,  and  Ctenodonta  camhriensis  fix>m 
theTremadoc  Beds  (=Arenig,  according  to  Salter)  of  Bamsey  Island. 
The  species  is  somewhat  doubtful,  but  the  pygidium  appears  to 
resemble  that  of  Neseuretus  reeurvatus  (Hicks). ^ 

Neseubetus  quadbatus  (Hicks)  ?     (PL  XII,  Fig.  5.) 
1873.     Califmene  ultima,  Salter :  Cat.  Camh.  Sil.  Foss.  Woodw.  Mus.,  p.  22  (a  469). 
1888.     Calyinene  uUitna,  Etheridge  :  Pal.  Foss.  Brit.  Isl.,  p.  46. 
1891.     Ca/ym^w«M/^twa,  Woods:  Cat.  Type  Foss.  Woodw.  liufl., p.  141.   (Specimen 
supposed  to  be  lost.) 

The  slab  of  rock  on  which  Salter's  Calymene  vexata  occurs  also 
contains  his  original  specimen  of  Calymene  ultima.     It  consists  of 
1  Hicks:  QJ.G.S.,  Tol.  xxix  (1872),  p.  45,  pi.  iii,  figs.  6,  6. 
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a  good  head-shield  only  slightly  distorted,  and  corresponds  \n 
chM*acter  to  Ne»€ureiu»  quadratus  (Hicks),'  bat  apparently  belongs 
to  a  young  individaal,  as  it  is  of  comparatively  small  size  (18  mm. 
long).  The  glabella  is  too  narrow  to  ascribe  it  to  N,  ramseyen$is. 
Hicks.  The  basal  lobes  are  well  shown,  and  there  is  a  faint  indication 
of  the  two  anterior  pairs  of  lateral  furrows.  The  punctation  of  the 
surface  also  corresponds  to  that  of  iV.  quadratus. 

Neseurktus,  sp.     (PL  XII,  Fig.  6.) 

1873.    HomaUmotu9  monttrator,  Salter :  Cat.  Camb.  Sil.  Foss.  Woodw.  Mas.,  p.  22 

(a  482). 
1888.    HomaUmotut  monttrator^  Etheridge  :  Pal.  Foss.  Brit.  Isl.,  p.  64. 
1891.    Netmrettu,  sp.,  Woods :  Cat.  Type  Foss.  "Woodw.  Mus.,  p.  148. 

Salter  gave  the  name  Homalonotm  monstrator  to  a  trilobite  from 
what  he  considered  the  base  of  the  Arenig  Beds  (=Tremadoc. 
according  to  Hicks)  in  Bamsey  Island.  The  single  original 
specimen  {a  482)  on  which  this  species  was  founded  consists  of 
an  imperfect  and  badly-preserved  pygidium,  which  obviously  belongs 
to  the  genus  NeaeuretuSf*  though  the  species  is  indeterminable. 

EXPLANATION  OF  PLATE  XII. 

[All  the  figures  are  of  Salter's  original  specimens  in  the  Woodwardian  Museom.] 

Fio.  1. — Olmui  {Parabolinella)  Flanti,  Salter.    Upper  Lingula  Flags,  Moel  Gron. 

a,  272. 
Figs.  2  and  3. — Olenttt  (s.g.  P)  expatisus,  Salter.    Upper  Lingula  Flags,  Moel  Gron. 

a,  275. 
Fio.  4. — Neuuretm  reeurvatuSf  Hicks  ?    Tremadoc,  Ramsey  Island,    a,  469. 
Fio.  b,^Neseuretu9  quadra tut^  Hicks  ?    Tremadoc,  Ramsey  Island,    a,  469. 
Fio.  6. — Ne$eur«tn$f  sp.    Tremadoc,  Ramsey  Island,    a,  482. 


V. — ^Tbbtiaby  Fobaminifbbal  Lihestonbs  pbom  Sinai. 

By  FuDERicK  Chapman,  A.L.S.,  F.R.M.S. 

(PLATES  XIII  AND  XrV.)' 

THE  following  descriptions  are  based  upon  a  colleotion  of 
foraminiferal  limestones,  ohiefly  nummulitic,  from  Sinai,  whioh 
were  sent  to  the  British  Museum  for  description  and  determination 
by  Captain  H.  G.  Lyons,  R.E.,  F.G.S.,  Director  of  the  Geological 
Survey  of  Egypt. 

Oar  previous  knowledge  of  Sinaitic  foraminifera  has  been  some- 
what scanty.  It  was  pointed  out,  however,  chiefly  by  Bauerman, 
that  the  Nummulitic  Senes  is  very  well  developed  in  this  particular 
area,  the  country  on  the  east  side  of  the  Gulf  of  Suez. 

The  occurrence  of  NummvlUes  and  Operculina  is  recorded  in 
Mr.  Bauerman's  paper*  mainly  from  a  locality  south  of  Wadi 
Gharandel.  Professor  Bupert  Jones  supplied  a  note  to  that  paper, 
and  from  the  latter  locality  recorded  Nummulites  Qizehensis  (large 

»  Hicks:  Q.J.G.S.,  vol.  xiii  (1872),  p.  45,  pi.  iii,  figs.  11-13. 
«  Hicks:  aJ.G.S.,  vol.  xxix  (1872),  p.  44. 
'  The  Plates  will  appear  with  Part  ll,  in  the  August  Number. 
«  ''Note  on  a  Geological  Reconnaissance  made  in  Arabia  Petreea  in  the  Spring  of 
1868  "  :  Quart.  Joum.  Geol.  Soc,  vol.  xxv  (1868),  p.  38. 
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and  small),  N,  Bamondif  N.  eurvispira,  and  N,  intermedia;  whiUt 
from  *'  the  lowest  rock  seen  just  beyond  Pharaoh's  Fall "  he  records 
remains  of  Nummulites  Ramondi  and  Opereulina  canalifera  (?). 

Foraminifera  have  been  recorded  from  Sinai  also  by  Ehrenberg.^ 
These  were  principally  obtained  from  washings  of  the  rooks,  and 
consequently  are  exceptionally  minute  forms. 

Other  occurrences  of  foraminifera  from  the  adjacent  country, 
chiefly  Palestine,  are  noted  by  Fraas,'  who  described  a  form  under 
the  name  of  Nummuliies  eretacea  from  the  Hippurite  Limestone 
near  Jerusalem,  and  which  from  the  figure  given  is  certainly  not 
a  nummulite,  but  bears  some  resemblance  to  a  turgid  Orbitoides,  and 
is  most  probably  of  Tertiary  age.'  The  same  author  mentions  two 
other  species,  Nummulites  variolaria  and  N,  AraHensis. 

Lartet  has  figured  and  noted  three  species  of  Nummtdites  from 
Wadi  Gharandel/  namely,  N.  Lyelli,  N.  Ouettardi,  and  iV.  Luoasana. 

Lastly,  a  series  of  specimens  collected  by  the  Palestine  Exploring 
Expedition  in  1865  from  Gerizhem  have  been  identified  by  Professor 
T.  Kupert  Jones,^  who  enumerates  ten  species,  and  some  of  these  are 
comparable  with  our  Sinaitic  specimens. 

The  specimens  dealt  with  in  this  paper  were  collected  by 
Mr.  Barron,  of  the  Egyptian  Geological  Survey,  between  January 
and  June,  1899. 

The  following  is  an  epitomized  account  of  the  rook-specimens, 
with  their  contents  : — 

Ho.  4,111,  11. — "Foraminiferar limestone;  top  of  Jebel  Abyad, 
south  of  Wadi  Gharandel,  Siuai."   Mokattam  Seiies  (Middle  Eocene). 

A  dense  cream-coloured  limestone,  largely  composed  of  Nummtditee 
subdiscorbina  and  N.  curvUpira,  associated  with  a  fair  number  of 
N.  GizehensiSt  var.  Pachoi,  The  nummulites  in  these  rock- specimens 
lie  massed  together,  forming  a  kind  of  bank,  which  is  in  turn  covered 
with  fine  detrital  mud  containing  smaller  foraminifera,  such  as 
Bolivtna,  Qlobtgerina,  IHscorbina,  and  Botalia.  One  of  the  nummu- 
lites in  this  rook  has  been  partially  transformed  into  beekite. 

The  genera  and  species  found  in  these  rock-specimens  are: — 
Bolivina  punctata  ?,  d'Orbigny  ;  Globigerina  bulloides,  d'Orb. ;  0.  con- 
globata,  Brady ;  G,  eretacea  ?,  d*Orb. ;  Discorbina  rugosa  (d'Orb.) ; 
D.  globularia  (d'Orb.)  ;  Botalia  calcarxformis  (Sch wager) ;  Nummtdites 
subdiscorbina,  De  la  Harpe ;  N.  curvispira,  Meneghini ;  N.  Gizehensis, 
Ehr.,  var.  Pachoi^  De  la  Harpe ;  Orbitoides  dispansa  (Sow.) ;  0. 
^phippium  (Schlotheim) ;  and  0.  papyracea  (Boubee). 

Ho.  4,112,  2/. — " Foraminiferal  limestone,  beach  deposit  (later);* 

^  Mikrogeologie,  vol.  ii  (1854),  pi.  xztc.  Also  Farter  &  Jones:  Ann.  Mag. Nat. 
Hist.,  Yol.  ix  (1872),  p.  289. 

'  Alls  dem  Orient,  1867,  pp.  82-4,  pi.  i,  figs.  Sa-e. 

»  See  also  Lartet :  **  Eiplor.  g6ol.  Mer  Morte,"  1877,  pp.  157-9. 

*  Lartet,  **  Essai  sur  la  Geol.  Palestine,"  pt.  ii,  Pal6ontologie :  Ann.  Sci.  g6oL, 
▼oL  iii  (1872),  p.  89,  pi.  ix,  figs.  23,  25,  26. 

*  Catal.  Foss.  Foram.  Brit.  Mus.,  1882,  p.  49. 

*  Mr.  Barron  writes  (March,  1900)  with  re^d  to  this  deposit :  *'  It  has  the 
characters  of  a  beach  deposit  in  that  it  is  gntty  and  contains  well-marked  con- 
glomerate beds.    There  is  no  doubt,  howerer,  that  it  is  part  of  the  Eocene  series.** 
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Jebel  Abyad,  Sinai."  ?  Bartonian  (Upper  Eocene)  or  ?  top  of 
Mokattam  Series  (Middle  Eocene). 

A  Boft-textared,  pale  cream-coloured  rock.  Thin  sections  of  thia 
specimen  when  viewed  under  the  microsoope  show  the  rock  to 
be  finely  granular  to  crystalline,  and  to  contain  a  fair  number  of 
foraminifera,  some  of  which  are  broken  and  worn  (?  derived). 

The  foraminifera  in  this  rock  are  :--Olohigerina  buUoidea,  d'Orb. ; 
Opereidina  complanaia  (Defr.),  var.  diaeoidea,  Sch wager ;  NummvUtes 
planulata  (Lamarck) ;  N,  variolaria  (Lam.) ;  and  Orhiloides  ditpanaa 
(Sowerby). 

Hos.  4,136»  SI,  and  4,113, 42.  — <*Foraminiferal  limestone ;  junction 
of  Wadi  Baba  and  Wadi  Shelldl."    Libyan  Series  (Lower  Eocene). 

This  rock  has  a  whitish  chalky  appearance,  and  is  seen  under  Uie 
microscope  to  be  almost  completely  recrystallized  as  dolomite,  the 
rhomb-sections  of  that  mineral  being  very  perfect.  The  foraminifera 
have  retained  generally  their  shape  and  structure,  but  in  many 
instances  their  tests  are  bitten  up  by  dolomite  rhombs.  The 
chambers  of  the  foraminifera  are  also  often  filled  up  by  the  crystals. 
Besides  foraminifera  numerous  fragments  of  polyzoa  (unaltered) 
are  scattered  throughout  the  rock. 

The  foraminifera  seen  in  these  specimens  are : — Textularia  agglu- 
tinans,  d'Orb.  ;  Operculina  complanaia  (Defr.),  var.  canaltfera, 
d'Archiac ;  and  Nummulitea  Bamondi,  Defr. 

Ho.  4,163,  6L — "  Nummulites  near  top  of  Jebel  Safariat,  Sinai." 
Mokattam  Series  (Middle  Eocene). 

A  collection  of  nummulites  of  the  type  N.  eomplanata,  comprising 
N.  Oizehensis  (ForskSl),  var.  Ehrenbergi,  De  la  Harpe  ;  N.  Oizehensia, 
var.  Lyelli,  d'Archiac  &  Haime;  and  N.  OizehemiSf  var.  Fachoi, 
De  la  Harpe. 

Ho.  3,698,  132.  — "  Nummulitic  bed,  Wadi  Khadahid,  Sinai." 
Mokattam  Series  (Middle  Eocene). 

An  ochreous  -  coloured,  incoherent  limestone,  consisting  almost 
entirely  of  nummulites  (chiefly  N.  curvispira). 

The  following  foraminifera  were  found  : — Truncatulina  umhonifera 
(Schwager)  ;  Nummulttes  Oizehensis^  var.  Fachoi,  De  la  Harpe  ; 
N.  curvispira,  Meneghini;  N,  Barroni,  sp.  nov. ;  and  N.  Bamondi^, 
Defrance. 

Ho.  3,902,  152.  —  <<  Foraminiferal  limestone,  Jebel  Erer  (same 
range  as  Jebel  Abyad),  Sinai."    Libyan  Series  (Lower  Eocene). 

An  impure  chalky  limestone,  with  many  included  fragments  of  an 
older  rock,  possibly  Cretaceous  in  age,  which  includes  Olobigerina 
creiaeea"^,  d'Orb.  When  viewed  microscopically,  this  limestone 
appears  to  have  originally  been  a  fine-grained  calcareous  mud,  with 
numerous  specimens  of  foraminifera.  We  find  here  Miliolina  eireu" 
laris  (Bom.);  Aheolina  Boscii  (Defr.);  A.  decipiens,  Schwager; 
Bigenerina"^  nodosaria,  d'Orb. ;  Olobigerina  cretacea  ?,  d'Orb. ;  Ojwrca- 
lina  complanaia  (Defr.),  var.  eanoiliculaia,  d'Archiac;  NummuliieB 
Oueiiardi,  d'Aroh.  &  Haime,  var.  aniiqua,  De  la  Harpe ;  Orbitoidea^ 
dispansa  (Sow.);  and  0. papyracea  (Boub6e). 
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In  the  following  descriptions,  espeoially  with  regard  to  the 
nummulites,  I  have  had  the  advantage  of  oonsuUing  Professor 
T.  Eupert  Jones,  F.B.S.,  to  whom  I  am  much  indebted. 

FOBAHUflFEEA. 

FamUy  MILIOLID^. 

Subfamily  MILIOLININ^. 

MiLiOLiNA,  Williamson  [1858]. 

Mioliolina  eircularis  (Bomemann).     (PL  XIY,  Fig.  1.) 

Trilooulina  eireulans,  Bomemann,  1866 :  Zeitsch.  deatsoh.  Qeol,  Qesell.,  vol.  rii, 

p.  349,  pi.  xix,  fig.  4. 
MUiolina  eircularis  (Bom.),  Snerbom  &  Chapman,  1886 :  Joum.  Roy.  Micro.  Soc, 

ser.  II,  vol.  vi,  p.  742,  pi.  xIt,  figs.  2a,  b. 

A  MUiolina  occurs  in  a  section  of  one  of  the  Sinai  limestones. 
It  perfectly  agrees  in  outline  and  the  disposition  of  the  inner 
chambers  with  the  above  species,  especially  those  found  in  Tertiary 
clays  elsewhere,  as  the  London  Clay  and  the  Septarian  Clay  of 
Hermsdorf. 

Coll.  GeoL  Surv.  Egypt,  No.  3,902,  Box  No.  151.  Libyan  Series 
(Lower  Eocene) :  Jebel  Erer,  Sinai. 

Subfamily  ALVEOLININ^. 

Alveolina,  d'Orbigny  [1826], 

Alveolina  Boscii  (Defranoe).     (PI.  XIII,  Fig.  6a.) 

Oryzaria  Boteiif  Defrance,  1820:  Diet.  Sci.  Nat.,  vol.  zvi,  p.  106  ;  AUas  Zooph., 

pi.  xlviii,  fig.  4. 
Alviolina  Boscii  (Defr.),  d'Orb.,  1826 :   Ann.  Sd.  Nat.,  toI.  vii,  p.  306,  No.  6  ; 

Mod^es,  No.  50.     Brady,  1884  :   Rep.  Chall.,  vol.  iz,  p.  222,  pi.  zvii, 

figs.  7-12. 

The  elongate  and  more  or  less  fusiform  specimens  of  Alveolina  in 
the  oldest  Tertiary  limestones  of  Sinai  may  be  referred  to  the  above 
species.  Schwager  figures  an  allied  form.  A,  frumenUformis,^  which 
is  more  slender  than  A.  Boscii,  from  the  Egyptian  limestone  of  the 
Libyan  Series. 

Coll.  Geol.  Surv.  Egypt,  No.  3,902,  Box  No.  15^  Libyan  Series 
(Lower  Eocene) :  Jebel  Krer,  Sinai.     Bare. 

Alveolina  (Flosculina)  decipiens,  Schwager.     (PI.  XIY,  Fig.  2.) 

Ahsolina  {Flosculina)  decipiens,  Schwager,  1883 :  Palseontographica,  vol.  zxx,  Pal. 
Theil,  p.  103,  pi.  xxri  (iii),  figs.  \a-k. 

This  interesting  species  appears  to  be  similar  to  some  Alveolina 
from  India,  associated  in  like  manner  with  NimmviUtes  and  Orbitoides. 
It  was  found  by  Schwager  in  the  Libyan  Series  of  Nekeb-el-Farudj 
and  El-Guss- Abu-Said. 

Coll.  GeoL  Surv.  Egypt,  No.  3,902,  Box  No.  16L  Libyan  Series 
(Lower  Eocene)  :  Jebel  Erer,  Sinai.     Frequent 

*  PalflBontographica,  vol.  xxx  (1883),  Pal.  Theil,  p.  100,  pi.  xxr  (ii),  figs.  4tf-i. 
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Family  TEXTULARIID^. 

Subfamily  TEXTULARHN^. 

Textularia,  Defranoe  [1824]. 

Textidaria  agglutinans,  d'Orbigny.     (PL  XIV,  Fig.  3.) 

Textularia  agglutinam,  d*Orb.,  1839 :  Foram.  Cuba,  p.  144,  pi.  i,  figs.  17, 18, 32-^. 

A  specimen  of  the  above  was  met  with  in  one  of  the  sections, 

which  has  the  aboral  end  somewhat  more  attenuate  than  is  asual 

in  the  typical  form.      The  texture  of  the  shell -wall  is  coarsely 

arenaceous,  and   the  limestone  in  which  it  occurs  was  probably 

deposited  in  quite  shallow  water. 

Coll.  Qeol.  Surv.  Egypt,  No.  4,113,  Box  No.  4/.  Libyan  Series 
(Lower  Eocene)  :  junction  of  Wadi  Baba  and  Wadi  Shell&L 

BiGBNEBiNA,  d'Orbigny  [1826]. 

Btgenerina  nodoaarta  ?,  d'Orbigny.     (PI.  XIII,  Fig.  76.) 

Bigenerina  nodotaria,  d'Orb.,  1826  :  Ann.  Sci.  Nat.,  vol.  vii,  p.  261,  No.  1,  pi.  xi, 

figs.  9-11 ;  Mod^es,  No.  57. 
Dimorphina  nodosaria,  d'Orb.,  1846 :  Foram.  Foss.  Vienne,  p.  221,  pi.  xii,  figs.  21, 22. 
Btgenerina  nodoaaria,  d'Orb.,  firady,  1884  :   Rep.  Chall.,  toI.  ix,  p.  369,  pi.  zUt, 
figs.  14-18. 

A  vertical  section  of  a  stout  bigenerine*  form  occnrs  in  one  of  the 
Bections,  and  is  most  probably  referable  to  the  above  species. 
B,  nodosaria  has  been  recorded  from  various  deposits  dating  from 
Middle  Tertiary  times. 

Coll.  Geol.  Surv.  Egypt,  No.  3,902,  Box  No.  151.  Libyan  Series 
(Lower  Eocene)  :  Jebel  Erer,  Sinai. 

SubfamOy  BULIMININ^. 

BoLiviNA,  d'Orbigny  [1839]. 

BoUvina  pmctaia  ?,  d'Orbigny.     (PI.  XIV,  Fig.  4.) 

Bolivina punctata,  d*Orb.,  1839  :  Voyage  Am^.  M^rid.,  vol.  t,  Foraminif^res,  p.  63, 

pi.  viii,  figs.  10-12. 
B.phyllodes  (Ehrenberg),  Schwager,  1883  :  Palseontographica,  toI.  xxx,  Pal.  TheD, 

p.  113,  pi.  ixix  (Ti),  fig.  10. 

The  specimen  under  notice  is  a  vertical  section  of  a  nan-ow  form 
cut  at  such  an  angle  as  to  give  a  chevroned  aspect  to  the  chambers. 
It  is  possibly  referable  to  the  well-known  Tertiary  species  Bolivina 
punctata,  and  similar  specimens  have  occurred  in  both  the  Libyan 
and  Mokattam  Series  of  Egypt. 

Coll.  Geol.  Surv.  Egypt,  No.  4,111,  Box  No.  II.  Mokattam  Series 
(Middle  Eocene) :  top  of  Jebel  Abyad,  south  of  Wadi  Gharandel, 
Sinai. 

Family  GLOBIGERINID^. 
Globigbkina,  d'Orbigny  [1826]. 

Qlohigerina  hulloideB,  d'Orbigny.     (PL  XIV,  Fig.  6.) 
Olohigtrina  bulloides,  d'Orb.,  1826  :    Ann.  Sci.  Nat.,  vol.  vii,  p.  277,  No.  1  ; 
Modules,  No.  76.     Schwager,  1883:  Palseontographica,  toI.  xxx.  Pal. 
Theil,  p.  118,  pi.  xxrii  (W),  figs,  bor-c. 

Several  undoubted  specimens  of  this  form  were  detected  in  the 
fine  material  of  the  sections  made  from  rock-specimen  No.  4,112. 
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Sohwager  found  0.  htdloide$  in  both  the  Libyan  and  the  Mokattam 
Series  in  Egypt. 

Coll.  Geol.  Surv.  Egypt,  No.  4,112,  Box  No.  21.  Bartonian  Series 
{Upper  Eocene)  or  top  of  Mokattam  Series  (Middle  Eocene)  :  Jebel 
Abyad,  Sinai. 

Olobigerina  conglohata,  Brady.     (PI.  XIV,  Fig.  6.) 

Olobigerina  eonglobata,  Brady,  1879 :  Qnart.  Journ.  Micro.  Sci.,  toI.  xix,  p.  72. 
Id.,  1884  :  Rep.  Chall.,  vol.  ii,  p.  603,  pi.  Ixxx,  figs.  1-5  ;  pi.  Ixxxii, 
fig.  6. 

This  species  is  occasionally  seen  in  the  sections  of  No.  4,111,  but 
the  specimens  are  somewhat  fragmentary.  It  has  previously 
occurred  in  beds  as  old  as  the  Oligocene  or  Miocene,  notably  in 
the  limestones  of  Christmas  Island.  It  is  distinguished  by  the 
fewness  of  the  chambers  and  the  comparative  thickness  of  the 
shell- walls. 

Coll.  Geol.  Surv.  Egypt,  No.  4,111,  Box  No.  1/.  Mokattam  Series 
{Middle  Eocene) :  top  of  Jebel  Abyad,  south  of  Wadi  Gharandel, 
Sinai. 

Glohigerina  eretaeea  ?,  d'Orbigny.     (PL  XIV,  Fig.  7.) 

Olobufei-ina  eretaeea,  d*Orb.,  1840 :  M6in.  Soc.  g6ol.  France,  ser.  i,  vol.  iv,  p.  34, 

pi.  ill,  fi^.  12-14. 
O.  cf.  eretaeea,  d*Orb.,  Sch wager,  1883  :   PalaBontographica,  toI.  xix.  Pal.  Theil, 

p.  119,  pi.  xxix,  figs.  13a-rf. 

Numerous  small  specimens  of  a  small-chambered,  neatly  coiled 
Olobigerina,  very  closely  resembling  0.  creiacea,  occur  in  the  pre- 
sumably oldest  nummulitic  beds  of  Sinai.  This  species  has  also 
been  doubtfully  referred  to  as  occurring  in  the  argillaceous  beds 
(Libyan  Series)  of  El-Guss- Abu-Said  by  Schwager. 

It  is  of  great  interest  to  note  this  occurrence  here,  since  if  the 
species  be  proved  by  specimens  isolated  from  the  rock,  they  will 
either  have  been  derived  from  neighbouring  Cretaceous  beds  or 
otherwise  show  an  upward  range  for  the  species,  typical  examples 
of  which  are  not  known  out  of  the  Cretaceous  formations.    • 

Coll.  Geol.  Surv.  Egypt,  No.  4,111,  Box  No.  1/.  Mokattam  Series 
(Middle  Eocene) :  top  of  Jebel  Abyad,  south  of  Wadi  Gharandel, 
Sinai.  Also  No.  3,902,  Box  No.  15/.  Libyan  Series  (Lower 
Eocene :  Jebel  Erer  (same  range  as  Jebel  Abyad),  Sinai. 

Family  ROTALIID^. 

Subfamily    ROTALIIN^. 

DiscoRBiNA,  Parker  &  Jones  [1862]. 

Discorhina  rugosa  (d'Orbigny).     (PI.  XIV,  Fig.  9.) 

Rotalina  rugota,  d'Orb.,  1839 :  Voyage  Amer.  Merid.,  vol.  v,  pt.  5,  Foraminif^res, 

p.  42,  pi.  11,  fiM.  12-14. 
Biteorbina  rugota  (d*Orb.),  Brady,  1884 :   Rep.  Chall.,  toI.  ii,  p.  652,  pi.  Ixxxrii, 

figs.  1,  4.    Sherborn  &  Chapman,  1889  :  Journ.  Roy.  Micro.  Sci.,  p.  487, 

pi.  xi,  fig.  33. 

This  neat  little  shallow- water  organism  is  fairly  well  known  in 
Eocene  strata,  and  is  a  charaoteristic  form  in  the  London  Clay. 
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Coll.  GeoL  Surv.  Egypt,  No.  4,111,  Box  No.  II.  Mokattam  SerieB 
(Middle  Eocene) :  top  of  Jebel  Abyad,  south  of  Wadi  QharandeU 
SinaL 

Diseorhtna  glohtdaris  (d'Orbigny).     (PL  XIV,  Fig.  8.) 

Rotalina  glohutarit,  d'Orb.,  1826 :  Ann.  Sci.  Nat.,  vol.  yii,  p.  271,  No.  1,  pi.  xiii, 

figs.  1-4 ;  Mod^es,  1826,  No.  69. 
JHseorbtna   alobularis  (d*Orb.),   1897,   Jones  &  Chapman,  in    Professor   Jndd's 

Second  Report  on  specimens  of  the  deposits  of  the  Nile  Delta :  Proc. 

Roy.  Soc.,  vol.  bd,  p.  38. 

The  Bpeoimen  seen  in  section  is  that  of  a  simple,  strongly  inflated 
Diacorhina,  similar  to  the  above-named  species.  It  has  already  been 
recorded  from  slices  of  Eocene  pebbles  from  the  Nile  Delta,  and  it 
is  also  known  from  the  Eocene  of  Grignon.  It  occurs  in  nearly  all 
fossiliferous  strata  dating  from  Tertiary  times  to  the  present.  In 
recent  deposits  Z>.  glohtdaris  is  most  abundant  in  shallow  water, 
averaging  about  50  fathoms. 

Coll.  Geol.  Surv.  Egypt,  No.  4,111,  Box  No.  \l  Mokattam  Series 
(Middle  Eocene) :  top  of  Jebel  Abyad,  south  of  Wadi  Gharandel, 
Sinai. 

Truncatulina,  d'Orbigny  [1826]. 

Truncattdina  umbonifera  (Schwager).     (PI.  XIV,  Figs.  lOo,  6.) 

Disoorbina  umboniferay  Schwager,  1883 :   Paltcontographica,  vol.  xxx.  Pal.  Theil, 
p.  126,  pi.  xxvii  (iv),  figs,  l^or-d. 

The  specimen  obtained  from  the  limestone  of  Sinai  is  apparently 
a  depauperated  or  irregularly  grown  individual  of  the  above  species. 
The  affinities  of  the  original  specimens  and  also  of  the  present  appear 
to  be  nearer  Truncatulina  than  Discorbina.  Schwager's  specimens 
came  from  the  Libyan  Series  of  El-Guss- Abu-Said,  Egypt. 

Coll.  Geol.  Surv.  Egypt,  No.  3,698.  Box  No.  13/.  Mokattam 
Series  (Middle  Eocene)  :  Wadi  Ehadahid,  Sinai. 

RoTALiA,  Lamarck  [1804]. 

Botalia  calcariformis  (Schwager).     (PI.  XIV,  Fig.  11.) 

Discorbina  caleariformis^  Schwager,  1883  :  Pala^ontographica,  vol.  xxx,  Pal.  Theil, 
p.  120,  pi.  xxvii,  figs.  ^a-d. 

The  specimens  seen  in  these  sections  show  a  true  rotaliform 
structure  in  the  shell-wall,  with  an  interseptal  canal  system. 
Schwager's  figures  also  show  secondary  shell-thickening,  and  we 
therefore  refer  them  to  the  genus  Botalia.  B.  calcariformis  is  not 
far  removed  in  outline  from  B,  calcar  of  the  present  day,  but  since 
the  latter  species  shows  a  marked  tendency  to  vary  in  the  direction 
of  the  elongation  of  the  cuspid  processes  on  the  outer  segments, 
and  B,  calcariformis  has  a  somewhat  blunt  cusp,  the  two  series  of 
specimens  may  reasonably  be  kept  distinct. 

B,  calcariformis  was  found  in  the  argillaceous  beds  of  El-Guss- 
Abu-Said  (Libyan  Series),  Egypt. 

Coll.  Geol.  Surv.  Egypt,  No.  4,111,  Box  No.  IZ.  Mokattam  Series 
(Middle  Eocene)  :  top  of  Jebel  Abyad,  south  of  Wadi  Gharandel, 
Sinai.     Frequent 
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Faimly  NUMMULINID^. 

Subfamily    NUMMULITIN^. 

Operoulina,  d'Orbigny  [1826]. 

Opereuiina  complanata  (Defranoe),  var.  canalifera,  d'Arohiao. 

(PL  XIII,  Figs.  Sa,  4a ;  PI.  XIV,  Fig.  12.) 

OpereuHna  tmmonea^  Leymerie  (pan),  1844  :  M6m.  Soc.  g^l.  France,  ser.  u,  toI.  i^ 

p.  869,  pi.  xiii,  fig.  11. 
0,  eandlifera^  d'Archiac,  1860  :  Hist.  Prog.  G^ol.,  toI.  iii,  p.  246.  D'Archiac  & 
Haime,  1863 :  Descr.  Anim.  eroupe  nummulitiqae  Inde,  p.  182,  pi.  xii, 
figs.  \a-e ;  and  yoI.  ii  (1864),  p.  346,  pL  xxxr,  fig.  6a ;  pi.  xxxvi, 
figs.  16a,  16a. 
0.  libyeat  Schwager,  1883 :  PalsBontographica,  vol.  zzx,  Pal.  Theil,  p.  142, 
pi.  xxix  (tI),  figs.  2a-^. 

After  a  oardful  comparison  of  the  various  specimens  of  the  large 
and  compressed  forms  of  Opereuiina  which  are  often  so  abundant  in 
the  nummulitic  series  and  subsequent  formations  of  Asia,  Africa, 
Europe,  and  the  West  Indies,  we  have  arrived  at  the  conclusion  that 
the  so-called  species,  so  numerously  described  and  figured,  can  only 
be  regarded  as  varieties  of  the  type  form  0.  complanata  (Defrance). 
These  varieties,  nevertheless,  when  confined  within  certain  limits  of 
characters,  determined  probably  by  the  influence  of  local  conditions, 
will  prove  of  value  in  determining  faoies  and  minor  series  of  strata 
in  given  areas. 

O.  complanata,  var.  canalifera  is  characterized  by  the  rapid 
increase  in  the  width  of  the  whorls  in  the  last  turn  or  so.  llie 
suiface  of  the  central  area  of  each  chamber  is  slightly  excavate,  and 
the  sutural  lines  of  the  segments  are  often  marked  out  by  a  thick 
secondary  shell  growth.  Greatest  length  of  test  in  the  specimens 
from  Sinai,  f  inch  (10  mm.) ;  diameter  at  oral  extremity,  -jV  inch 
(7  mm.) ;  thickness,  -jV  iuch  (-6  mm.). 

The  original  specimens,  described  by  d'Archiac,  were  from  the 
yellow  limestone,  Hala  range,  province  of  Cutch,  India,  where  it 
was  associated  with  Nummulitea  Bamondi.  0.  complanata,  var. 
canalifera,  has  also  been  recorded  from  the  nummulitic  beds  of  Beni 
Hassan  and  Cairo,  Egypt,  and  from  Palestine  and  Bulgaria.  De- 
scribed under  the  name  of  0.  libyca  by  Schwager,  and  recorded  by 
him  from  the  Libyan  Series  of  El-Guss- Abu-Said. 

Coll.  Geol.  Surv.  Egypt,  Nos.  4,113  and  4,136,  Box  Nos.  4:1 
and  32  respectively.  Libyan  Series  (Lower  Eocene) :  junction  of 
Wadi  Baba  and  Wadi  Shell&l,  Sinai.  Abundant  and  typical.  Also 
No.  3,902,  Box  No.  151.  Libyan  Series  (Lower  Eocene) :  Jebel 
Erer,  Sinai.    Frequent,  but  somewhat  dwarfed  specimens. 

Opereuiina  complanata  (Defrance),  var.  discoidea,  Schwager. 
(PI.  XIV,  Fig.  13.) 

Optrmlina  diteoidea,  Schwager,  1883 :    Palsontographica,  vol.  xxx,  Pal.  Theil, 

p.  146,  pi.  xxix  (tI),  figs.  ba-d. 
0.  cf.  eanalifera,  d*Arch.,  id.,  1883 :  ibid.,  p.  144,  pi.  xxix  (vi),  figs.  3a,  h. 

This  variety  is  distinguished  from  the  foregoing  by  the  even 
width  of  the  whorls  of  the  shell,  which  increase  but  slightly  in  each 
turn  of  the  series. 
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Oumbel  has  figured  a  somewhat  similar  variety  from  the  numma- 
litic  series  of  Eressenberg,  Bavaria,  which  he  has  referred  to 
iVArchiac's  Operculina  canalifera} 

The  specimens  from  Sinai  measure  ^  inch  (7  mm.)  in  the 
diameter  of  the  shell,  and  its  thickness  is  -^V  inch  (-5  mm.). 

Sch wager's  specimens  were  obtained  from  the  white  clay  of  Aracy 
(Mokattam  Series),  Egypt. 

Coll.  Geol.  Surv.  Egypt,  No.  4,112,  Box  No.  2^  ?  Bartoniau 
Series  (Upper  Eocene)  or  ?  top  of  Mokattam  Series  (Middle  Eocene)  : 
beach  deposit,  Jebel  Abyad,  Sinai.     Common. 

Hbtbrostbgina,  d'Orbigny  [1826]. 
Heteroategina  depressa,  d'Orbigny.     (PI.  XIII,  Fig.  7a.) 
Heterottegina  depretsa,  d*Orb.,   1826:    Ann.  Sci.  Nat.,  vol.  vii,  p.  305,  No.  2, 
pl.  xvii,  figs.  5-7 ;  Mod^es,  No.  99. 
The  specimens  now  under  description  are  veiy  distinctly  coiled 
at  the  commencement,  and  in  general  aspect  resemble  those  speci* 
mens  which  belong  to  the  microspherio  form  ;  and  which  are  rare  in 
our  modern  marine  dredgings.   This  species  is  more  commonly  fomid 
in  the  later  Tertiaries,  but  it  is  not  entirely  absent  from  the  base  of 
the  Eocene. 

Coll.  Geol.  Surv.  Egypt,  No.  3,902,  Box  No.  151  Libyan  Series 
{Lower  Eocene) :  Jebel  Krer,  Sinai.     Rare. 

{To  be  continued  in  our  next  Number.) 


VI. — The  Dbvelopmbnt  op  Brown   Mica   from   Augitk  by 
Reaction  with  Felspathio  Material. 

By  James  Parsons,  B.Sc.  (Lond.). 

THE  conrersion  of  augite  or  hornblende  into  brown  mica  appears 
to  take  place  from  three  causes : — 

1.  By  crushing  of  pyroxenic  minerals  and  felspar,  as  has  been 
observed  by  Professor  Bonney  in  sundry  schists  of  the  Alps.' 

2.  By  the  intrusion  of  felspathio  material  into  a  rock  containing 
augite  or  hornblende,  as  in  the  Harz,  where  granite  invades  diabase, 
converting  the  augite  into  biotite.*  A  similar  change  has  been 
observed  in  the  gabbro  of  the  Barnavave  Mountain,  in  the  Carling- 
ford  district,  the  diallage  being  wholly  or  in  part  replaced  by  biotite 
owing  to  the  invasion  of  granophyric  magma.*  In  Sark  the  intrusion 
of  an  aplitic  magma  into  almost  pure  hornblende  has  resulted  in  the 
formation  of  biotite.* 

3.  By  the  corrosive  action  of  a  residual  felspathio  magma  on 
previously  consolidated  augitic  constituents.  This  method  of  forma- 
tion has  been  noted  by  Mr.  T.  H.  Holland  in  the  augite-diorites 

»  Abhandl.  bayer.  Akad.  Wiss.,  toI.  x  (1868),  1870,  p.  664,  pl.  u,  figs.  112«,  *. 
2  Q.J.G.S..  vol.  xlix,  p.  104. 

'  K.  A.  Lossen:  Congr^  Internat.  Geol.  Comptes  Rendues  de  la  4««  session, 
1888,  p.  184. 

•  SoUas;  Trans.  Roy.  Irish  Acad.,  vol.  xxx  (1894),  p.  477. 

*  Bonney:  Q.J.G.S.,  vol.  xlviii,  p.  122  et  seq. 
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of  Southern  India.  In  this  instance,  after  augite  and  plagioolase  had 
oonsolidated  a  hydrous  magma  was  left,  which  ultimately  solidified 
as  mioropegmatite ;  this  magma  acted  readily  on  the  augite,  con- 
verting it  into  biotite.^  Under  this  head  the  following  observations 
on  some  Norwegian  rocks  should  probably  be  classed.^ 

(1)  A  granite  from  Almas  shows  a  similar  process  of  change  to 
that  observed  in  the  above-mentioned  augite-diorites.  The  principal 
constituents  of  the  rock  are,  oligoclctse,  orthoclase,  augite  of  the 
pale-green  non-aluminous  type  (sahlite),  which  commonly  occurs  in 
granite,  biotite,  and  sphene.  The  biotite  is  developed  round  the 
augite,  which  is  much  corroded,  passing  into  it  along  its  cleavage 
cracks,  in  such  a  way  that,  in  many  cases,  the  line  of  division  is 
fixed  with  difficulty.  The  two  minerals  are  curiously  intergrown» 
but  not  in  such  a  way  as  to  suggest  simultaneous  crystallization,  for 
while  the  biotite  invades  the  augite  from  the  outside  it  does  not 
form  isolated  inclusions  in  the  latter.  The  quartz  and  orthoclase 
occur  as  a  mosaic  of  varying  coarseness  and  of  later  date  than  the 
oligoclase,  and  locally  form  patches  of  mioropegmatite.  The  mosaic 
extends  in  narrow  seams  between  the  oligoclase  crystals,  broadening 
out  at  their  angles  to  fill  the  intercrystalline  spaces.  It  is  largely 
developed  round  the  augite-biotite  aggregate,  the  grains  separating 
the  flakes  of  biotite  at  the  margins  of  the  main  masses.  Appearances 
suggest  that  the  magma,  from  which  the  quartz  and  orthoclase 
formed,  effected  the  corrosion  of  the  augite  and  subsequent  develop- 
ment of  the  biotite  in  the  manner  suggested  by  Mr.  Holland.  I'he 
sphenes  occur  as  idiomorphic  crystals,  and  are  the  earliest  con- 
stituents of  the  rock,  for  they  are  included  in  the  augite,  which 
is  itself  earlier  than  the  oligoclase.  Where  present  in  the  biotite 
or  in  its  immediate  neighbourhood  they  are  much  corroded  and 
cracked.  The  iron  of  the  augite  appears  to  be  completely  used  up 
in  forming  the  biotite,  for  though  a  few  grains  of  magnetite  occur, 
these  are  due  to  the  subsequent  hydration  of  the  mica  accompanied 
by  the  formation  of  a  chloritio  mineral.  A  little  hornblende  is 
present,  apparently  secondary,  after  augite. 

(2)  An  augite-syenite  from  Svenore  well  shows  the  conversion 
of  augite  into  dark  mica.  This  rock  is  closely  allied  to  the  well- 
known  Lauvigite.  The  felspars  are  orthoclase,  apparently  of  two 
varieties,  with  a  little  plagioolase.  They  exhibit  microperthitic 
intei^rowth,  and  this  in  many  places  at  their  margins  passes  into 
mioropegmatite.  The  augite  is  of  two  types :  (i)  Pale  brown,  slightly 
pleochroic,  showing,  in  the  central  portions  of  the  crystals,  good 
deavage  marked  by  the  deposition  of  iron  oxide  in  the  cracks,  which 
occasionally  assumes  the  form  of  negative  crystals.  Incipient 
diallagic  cleavage  may  be  observed,  traversing  the  earlier  prismatio 
one.  lliis  augite  is  much  corroded  by  the  felspars,  its  margin 
being  in  some  places  curiously  broken  up  and  intergrown  with  the 

»  Q.J.O.S.,  vol.  liu,  p.  406. 

'  I  am  indebted  to  Professor  Bonney  for  the  opportunity  of  studying  these  slices^ 
which  belong  to  hii  collection. 
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surroanding  felspar  in  a  manner  approaching  mioropegmatite. 
(ii)  A  pale -green  augite,  irregularly  oraoked,  probably  sahlite. 
It  occurs  in  rounded  fragments,  which  in  places  have  been  broken 
up  and  separated.  Biotite  is  chiefly  developed  round  the  first- 
named  augite,  and  it  occurs  only  when  that  mineral  is  in  contact  with 
the  felspar,  and  has  been  manifestly  corroded  by  it  With  ordinary 
light  it  is  often  impossible  to  say  where  the  passage  of  augite  into 
mica  commences,  for  its  first  manifestation  is  a  very  faint  brown 
tinting.  With  crossed  nicols  the  first  indication  of  its  development 
is  a  marked  increase  of  intensity  in  the  polarization  tints,  along 
a  narrow  zone  at  the  junction ;  this  presently  shows  the  characteristic 
mica  cleavage,  and  varies  in  colour  from  a  very  light  brown  to 
a  dark  bright  brown.  Beyond  the  latter  magnetite  is  developed. 
On  the  other  side  of  the  mass  of  magnetite  the  augite  shows  irregular 
cracks  in  which  the  magnetite  is  deposited,  and  beyond  this  the 
regular  cleavage  sets  by  marked  iron  oxide,  as  mentioned  above. 
It  should  be  understood  that  though  this  order  of  sequence  is 
apparently  constant,  yet  any  stage  owing  to  the  irregularities  of 
the  decomposition  may  be  locally  very  poorly  shown  or  even  absent 
In  some  cases  the  augite  is  completely  decomposed,  and  there 
remains  only  a  core  of  magnetite  with  a  corona  of  mica,  darker  in 
colour  near  it  and  lighter  in  contact  with  the  felspar.  The  pale- 
green  augite  does  not  so  readily  develop  mica  as  the  other  variety, 
though  its  smaller  fragments  show  in  places  an  abundant  marginal 
growth. 

Much  serpentinization  occurs  along  its  cracks,  accompanied  by 
the  formation  of  a  little  mica.  Both  these  facts  conBrm  the  idea 
that  this  is  a  non-aluminous  augite.  It  is,  however,  rich  in  iron 
oxide,  which  is  largely  excreted  in  the  formation  of  mica  and  the 
fierpentinization.  Apatite  is  an  abundant  constituent  of  the  rock, 
the  larger  crystals  acting  as  the  nuclei  round  which  the  augite 
<30nsolidated. 

(3)  A  similar  formation  of  dark  mica  from  augite  may  be  observed 
in  Lauvigite,  which  closely  resembles  the  Svenore  syenite  described 
above.  The  rock  is  too  well  known  to  require  detailed  description, 
but  in  the  present  connection  the  following  points  may  be  noted. 
The  augite  is  of  two  types  :  (i)  pale-brown,  slightly  pleochroic,  with 
incipient  diallagic  cleavage;  (ii)  pale -green  sahlite,  irregularly 
cracked,  some  serpentine  and  a  little  biotite  forming  along  the 
cracks.  This  is  earlier  than  the  first-named  augite  and  in  many 
places  is  enclosed  by  it  The  felspathic  mixture  (anorthite, 
mioroperthite)  has  much  corroded  the  augite,  with  which  at  its 
margins  it  is  in  places  intimately  intergrown.  Kound  the  augite 
mica  is  developed,  the  one  passing  almost  insensibly  into  the  other 
as  already  described,  and  the  same  darkening  of  the  mica  and  final 
formation  of  magnetite  occurs  as  the  distance  from  the  felspar 
increases.  The  felspathic  magma  has  in  places  invaded  the  augite, 
producing  in  its  centre  patches  of  dark  mica  which  appear  at  first 
sight  to  be  isolated  inclusions.  Here  also  the  mica  is  only  formed 
with  difficulty  in  the  sahlite. 
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(4)  A  gabbro  from  Humlebak  affords  an  interesting  example  of 
the  corrosion  of  a  felspar  by  angitio  magma,  resulting  in  the 
formation  of  brown  mica.  In  this  case  the  felspar  is  labradorite, 
occurring  in  idiomorphic  crystals,  round  which  the  augite,  a  colour- 
less variety,  extends  in  ophitic  fashion.  The  felspars  are  much 
corroded  and  in  part  melted  down,  thus  enclosing  small  portions  of 
the  augite.  Bound  the  edges  of  the  felspar,  mica  is  developed, 
appearing  at  the  outset  as  a  faint  brown  tinting  of  the  augite.  At 
first  the  cleavage  of  this  mineral  is  alone  apparent  as  a  rule,  though 
occasionally  traces  of  the  mica  cleavage  may  be  discovered  parallel 
to  one  of  the  cleavage  planes  of  the  augite.  There  are  indications 
that  at  this  earliest  stage  a  mixture  of  augite  and  mica  is  present, 
or  rather,  a  solution  of  mica  in  the  augite  is  suggested.  In  one 
instance  where  a  felspar  lath  is  surrounded  by  biotite,  obviously 
derived  from  augite,  it  has  lost  almost  half  its  bulk  by  corrosion, 
and  the  remainder  appears  to  be  permeated  by  augitic  material, 
converting  it  into  a  colourless  mica  whose  cleavage  planes  are 
continuous  with  those  of  the  biotite  on  each  side.  The  mica  when 
traced  inwards  from  the  margin  of  the  augite  loses  its  scaly 
appearance,  due  to  the  cleavage  of  that  mineral,  becomes  more 
compact,  and  develops  its  own  cleavage.  At  first  it  is  a  straw 
colour,  then  it  becomes  a  dark  bright  brown,  and  finally  magnetite 
is  formed ;  and  in  the  larger  augite  grains  this  is  followed  by  an 
irregularly  cracked  zone  which  passes  into  a  central  portion  showing 
fine  cleavage  striation.  With  this,  as  a  rule,  the  outer  portion  is  in 
optical  continuity.  When  the  augite  is  more  remote  from  and 
unaltered  by  the  felspar,  it  is  twinned  sometimes  more  than  once 
parallel  to  the  orthopinaooid ;  this,  combined  with  basal  cleavage 
striation,  giving  the  well-known  herring-bone  structure.  In  the 
smaller  augite  grains  the  conversion  into  mica  and  magnetite  is 
sometimes  complete,  a  corona  of  light  mica  surrounding  the  bright 
brown  mica,  and  in  most  cases  a  core  of  magnetite  occupying  the 
oentre  of  the  grain.  The  following  explanation  may  be  offered  of 
the  transition  shown  in  this  rook  and  the  syenites : — where  the 
felspar  is  in  contact  with  the  augite  a  mica  is  formed,  poor  in  iron 
and  rich  in  alumina,  probably  phlogopite,  while,  as  the  distance 
from  the  felspar  increases,  ferric  oxide  takes  the  place  of  alumina, 
resulting  in  lepidomelane,  biotite  being  formed  as  an  intermediate 
stage,  and  finally,  beyond  the  limit  to  which  the  felspathic  magma 
permeated,  magnetite  is  excreted. 

Thus  the  normal  order  of  change  seems  to  be  as  follows 
(commencing  from  the  side  of  the  felspar) :  (1)  fusion  of  felspar 
and  augite  with  faint  brown  tinting  of  the  augite,  due  to  incipient 
development  of  mica;  (2)  pale-brown  mica  (phlogopite);  (3) 
biotite ;  (4)  dark  red-brown  mica  (lepidomelane) ;  (6)  iirtimate 
mixture  of  dark  mica  and  magnetite;  (6)  mass  of  magnetite;  (7) 
augite  with  irregular  cracks  in  which  magnetite  is  excreted,  which 
is  followed  by  augite  with  fine  cleavage  striation. 
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VII. — TiiB  Rate  op  Eeosion  of  some  River  Valleys. 

By  C.  C.  B&iTTLBBANK,  Esq. 

(Read  before  the  Geological  Section  of  the  Australasian  Association  for  the 
Advancement  of  Science,  Melbourne  Meeting,  January,  1900.) 

THE  district  in  which  these  observations  have  been  made  is 
a  very  suitable  one  for  such  experiments,  and  is  situated  from 
2  to  12  miles  from  Bacchus  Marsh  and  from  32  to  54  miles  west  of 
Melbourne. 

The  chief  streams  which  pass  through  the  above  area  are  the 
Werribee  and  Lerderderg  Rivers  with  their  tributary  creeks.  The 
country  is  somewhat  rough,  being  intersected  by  numerous  deep 
gorges  and  wide  flat-bottomed  valleys. 

Early  in  1892.  when  working  on  the  glacial  deposits  of  Baoohua 
Marsh,  I  was  greatly  astonished  at  the  immense  amount  of  work 
done  by  those  puny  streams,  which  have  in  places  out  fairly 
narrow  gorges  and  valleys  through  solid  rock,  to  a  depth  in  one 
place  of  at  least  over  1,000  feet. 

It  occurred  to  me  that,  if  by  any  means  I  was  able  to  ascertain  the 
amount  of  rock  worn  off  the  river  bed  within  a  given  time,  I  should 
be  able  to  arrive  at  an  approximate  estimate  of  the  time  the  rivers 
have  been  cutting  their  channels.  Even  without  detailed  observa- 
tion we  should  expect  that  a  vast  period  had  elapsed  since  the 
streams  first  ran  on  the  surface  of  the  basaltic  tableland.  I  was, 
however,  hardly  prepared  for  the  enormous  time  which  my  observa- 
tions show,  more  especially  as  the  erosion  is  subsequent  to  the  flow 
of  newer  basalt 

After  thinking  the  matter  over,  and  striving  to  devise  some 
method  other  than  the  level,  I  hit  on  a  somewhat  rough  and  ready 
plan,  and  it  is  from  these  measurements,  taken  over  a  period  of  five 
years,  that  my  provisional  estimate  has  been  obtained.  My  method 
is  as  follows : — A  number  of  holes  are  drilled  in  lines  across  the 
river  bottom — if  in  soft  rock,  one  inch  in  diameter  by  three  inches 
deep,  and  one  inch  by  two  inches  in  hard  dense  rocks.  Into  these 
holes  are  placed  a  number  of  wires  which  have  been  carefully 
measured,  cut,  and  fastened  by  solder  into  small  bundles  containing 
from  20  to  100  according  to  the  hardness  of  the  rook.  The  wires 
being  placed  in  the  holes  with  the  longest  wire  exactly  flush  with 
the  rock  surface,  cement  is  poured  in  and  allowed  to  harden.  As 
various  kinds  of  wire  have  been  used  in  the  softer  rocks,  a  strip  of 
slate  pencil  of  equal  length  to  the  longest  wire  is  placed  in  each 
hole ;  this  acts  as  a  check  on  the  wire  in  case  of  corrosive  action. 

Now  as  the  surface  of  the  river  bed  is  worn  away  the  end  of 
a  fresh  wire  is  exposed  for  every  hundredth  part  of  an  inch  removed 
fix>m  the  harder  rocks,  and  one  for  every  fifth  or  twentieth  of  an  indi 
in  the  softer  rocks. 

There  is  reason  to  suspect  from  geological  evidence  that  the  gorge 
of  the  Lerderderg  River  above  the  alluvial  flats  is  of  much  greater 
age  than  that  of  the  Werribee.  Prior  to  the  flow  of  newer  basalt 
the  Lerderderg  had  cut   a  fairly  deep  channel,  as  had  also  the 
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ancient  Werribee,  but  the  latter  was  blotted  out  of  existence  by  the 
flows  of  basalt  The  Lerderderg,  being  guarded  by  high  Silurian 
ranges  on  the  south  over  which  the  lava  did  not  rise,  continued  in 
the  same  channel  as  it  now  occupies.  I  will  therefore  confine  my 
remarks  to  the  Werribee  and  tributary  creeks. 

The  formations  through  which  the  Werribee  has  cut  are :  Lower 
Silurian  (Ordovician),  granite,  Glacial  Series,  fresh- water  *  Miocene ' 
gravels,  and  basalts,  both  older  and  newer.  The  newer  basalt  has 
at  one  time  formed  an  extensive  plateau  from  Mt.  Blackwood,  the 
Lerderderg  Ranges,  and  Ballan  on  the  W.  and  N.W.  to  the  Brisbane 
Eange  and  the  plains  on  the  S.  and  S.E.  The  surface  slope  it  to  the 
S.E.,  and  is  broken  here  and  there  by  ridges  and  hills  of  the  various 
older  formations  which  stand  at  a  higher  level.  In  making  my 
observations  I  have  used  the  present  surface  of  the  basaltic  plateau 
as  a  bench  mark.  Careful  measurements  have  been  taken  from  the 
surface  to  the  river  bed  at  all  places  where  erosive  action  is  being 
checked. 

The  different  rocks  through  which  the  rivers  have  cut  their 
valleys  greatly  influence  the  amount  and  direction  of  erosion  and 
denudation.  I  find  that  the  resistance  offered  by  the  various  geological 
formations  to  the  erosive  power  of  river  action  is  in  the  following 
order  :  Basalt,  Silurian  Oranite,  Glacial  Series,  Miocene  ferruginous 
gravels.  Jointing,  dip,  strike,  dykes,  and  bands  of  hard  rock  have 
considerable  influence  in  aiding  or  retarding  the  river  action. 
Fallen  rock  masses,  especially  huge  blocks,  check  erosion  to  a  con- 
siderable extent.  A  band  of  hard  rock  crossing  the  river  valley 
acts  in  two  ways,  first  by  contracting  the  channel  and  second  by 
checking  vertical  erosion  below  its  own  level  on  the  up  side. 
Numbers  of  these  bands  cross  the  stream,  and  many  of  my  observations 
have  been  taken  from  them.  Probably  the  best  position  for  observing 
the  wearing  of  any  river  channel  is  at  the  outer  angle  of  a  sharp 
bend.  At  such  places  the  bed  is  almost  always  free  from  boulders, 
gravel  and  sand.  Moreover,  by  the  constant  undermining  action 
of  the  river  an  almost  vertical  cliff  is  formed  on  the  outer  bend. 
The  greatest  advantage,  however,  lies  in  the  fact  that  the  upper 
part  of  the  river  rarely  moves  from  side  to  side,  but  cuts  a  fairly 
straight  course  through  the  country. 

I  had  expected  that  the  erosion  of  the  river  valleys  would  be 
carried  on  at  a  comparatively  rapid  rate,  but  after  many  observations 
along  their  courses  I  find  the  amount  removed  in  a  period  of  five 
years  is  very  small,  so  small  in  fact  that  had  the  amount  not  been 
checked  at  numerous  points  I  should  hesitate  to  place  on  record 
the  results,  but  having  undertaken  the  observations  with  this  object 
in  view  I  give  the  average  obtained  at  many  separate  stations  on 
the  Werril^  and  tributary  creeks. 

Basalt  0 '02  inches  in  5  jean  ail  inch  in  250  yean. 

Silurian  0-03        „        „        =        „       I66t    „ 

Granite  0*04        „        „        =        „       126      „ 

Glacial  0-06        „        „        =        „       100      „ 

Having  ascertained  the  amount  of  erosion  over  a  given  period,  it 
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is  necessary  to  calculate  the  time  taken  to  cut  the  cliff  sections.  To 
be  as  brief  as  possible  I  have  selected  three  sections  on  the  Werribee 
between  Bacchus  Marsh  and  Ballan. 


(1)  Glacial 
Silorian 

Thickness. 
195  feet 
...        415   „ 

...        610   „ 

Time  required  for  cutting. 
234,000  years. 
880,000    „ 

Total       ... 

1,064,000 

f  f 

(2)  Basalt 
Glacial 
Granite 

...        236   „ 

60   „ 

...         176   „ 

705,000 

72,000 

264,000 

If 
II 

Total       ... 

...        471    „ 

1,041,000 

•1 

(3)  Basalt 
Glacial 
Silurian 

...        240   „ 

98   „ 

...         122   „ 

720,000 
117,600 
244,000 

II 
»» 
II 

Total       ... 

...        460   „ 

1,081,600 

II 

In  compiling  these  notes  I  have  assumed  that  the  rainfall  has  not 
been  greater  in  past  ages,  say  since  the  flow  of  newer  basalt,  than  it 
is  on  the  average  at  the  present  time. 

VIII. — On  thb  Napabima  Books,  Trinidad. 
By  R.  J.  Lbchmbrb  Guppt,  Esq. 

I  HAVE  received  a  copy  of  the  paper  by  Messrs.  Harrison  and 
Jukes-Browne  on  the  Oceanic  Deposits  of  Trinidad,  and  wish 
to  place  on  record  a  few  remarks  on  it 

In  the  first  place  I  must  compliment  these  gentlemen  upon  the 
manner,  at  the  same  time  courteous  and  impartial,  in  which  they 
have  dealt  with  my  work. 

Our  authors  state  that  my  writings  leave  both  the  nomenclature 
and  the  succession  of  the  Trinidad  Tertiaries  in  a  very  uncertain 
state.  I  am  stfraid  that  there  is  much  of  truth  in  this  statement ;  and 
I  should  feel  satisfaction  could  I  clear  up  the  uncertainty  either  by 
producing  evidence  of  a  nature  distinctly  confirming  or  distinctly 
refuting  Professor  Harrison's  opinion  that  the  Nariva  Series  is  older 
than  the  other  Naparima  beds,  and  that  the  Sanfernando  beds  are 
closely  connected  with  and  are  probably  an  upward  continuation  of 
the  Nariva  Series.  I  have  not  been  able  to  satisfy  myself  with 
positive  certainty  either  one  way  or  the  other.  Our  authors  admit 
themselves  that  no  sections  were  seen  showing  the  junction  of  the 
two  formations,  but  they  consider  that  there  is  abundant  evidence 
that  the  two  series  occupy  the  relative  positions  assigned  to  them 
by  the  geological  surveyors.  I  am  not  so  wedded  to  my  own 
opinion  that  I  would  not  welcome  theirs  if  I  could  be  satisfied  about 
this  evidence.  But  so  far  as  I  know,  no  evidence  of  a  conclusive 
nature  is  forthcoming,  as  in  no  place  is  the  junction  of  the  two  series 
seen.  A  similar  doubt  formerly  prevailed  respecting  the  junction  of 
radiolarian  and  foraminiferal  beds ;    but  this  has  been  dispelled, 
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dnd  we  are  now  aware  that  these  two  series  pass  gradually  and 
€onformablj  one  into  the  others  A  similar  result  may  hereafter 
happen  in  regard  to  the  Naparima  marls  and  the  Nariva  Series.  In 
the  meantime  my  opinion  is  based  mainly  upon  conjecture,  though 
one  point  weighs  a  good  deal  with  me,  that  is,  the  strong  resemblance 
of  the  Nariva  beds  to  the  strata  now  being  deposited  in  the  gulf 
derived  from  the  degradation  of  the  Naparima  beds;  and  if  this 
inference  is  correct  the  Nariva  Series  must  be  later  in  date  than 
the  foraminiferal  marls.  The  resemblance  I  refer  to  is  one  not 
only  of  mineral  composition  and  mechanical  aggregation,  but  of 
organic  contents,  inasmuch  as  some  of  the  deposits  now  being  laid 
down  and  (notably  those  off  the  mouth  of  the  Sipero  river)  contain 
foraminifera  of  the  same  character  and  in  similar  condition  and  of 
similar  frequency  of  occurrence  as  the  Nariva  beds.  To  take  an 
example,  Olobtgerina  is  a  very  abundant  organism,  both  in  the  mud 
deposits  off  Sanfemando  and  in  the  Nariva  beds,  but  in  both  these 
deposits  it  is  relatively  much  less  abundant  than  in  the  foraminiferal 
marls ;  and  the  relative  infrequency  of  occurrence  is  due  to  the 
destruction  of  the  fossils  in  the  course  of  the  denudation  and 
redeposition  of  the  marls.  No  such  foraminifera  now  exist  or  can 
«xist  in  a  living  state  in  the  gulf,  though  in  my  very  first  dredgings 
off  Sanfernando  I  recorded  Olobtgerina  at  every  haul  in  shallow 
water  near  the  shore.  That  was  before  I  had  recognized  Olobigerina 
in  the  rocks  of  Naparima,  and,  as  I  have  already  stated,  the 
foraminifera  so  dredged  by  me  were  fossils  derived  from  the 
Naparima  marls.  Also,  I  consider  that  the  abundance  of  gypsum 
in  the  Nariva  Series  is  due  to  the  breaking  down  and  redeposition 
of  the  foraminiferal  marls,  in  course  of  which  the  carbonate  of  lime 
existing  in  the  latter  was  partly  changed  into  sulphate. 

Respecting  the  nature  and  origin  of  the  Argiline  of  Naparima 
Hill,  I  somewhat  timidly  expressed  my  opinion  in  former  papers. 
As  I  find  that  Messrs.  Harrison  and  Jukes-Browne  are  substantially 
of  the  same  opinion  as  myself  on  the  subject,  I  may  take  the 
opportunity  of  restating  it  The  nature  and  origin  of  the  Argiline 
are  similar  to  those  of  the  Naparima  foraminiferal  and  radiolarian 
marls,  and  it  contained  similar  Hadiolaria  and  Foraminifera.  But 
the  Argiline  has  undergone  a  change  consequent  upon  an  alteration 
in  the  form  of  its  silica;  a  change  analogous  to  that  which  has 
taken  place  in  part  of  the  so-called  <  cement '  of  the  White  Hills 
of  Bendigo,  Australia,  described  by  me  in  the  Proceedings  of  the 
Geologists'  Association  of  London,  1864,  p.  409,  and  which  consists 
in  an  induration  by  probably  a  partial  solution  and  redeposition  of 
the  siliceous  constituents.  The  whole  mass  of  Naparima  Hill  is 
thus  affected ;  but  a  similar  change  has  partially  and  locally  affected 
other  portions  of  the  Naparima  rocks. 

To  my  description  of  the  Argiline  of  Naparima  Hill  published 
in  the  Geological  Society's  Journal,  November,  1892,  p.  526,  should 
be  added  the  remarks  contained  in  my  paper  in  the  Trinidad  Field 
Naturalists'  Journal,  1893,  p.  7,  as  follows:  "Beds  of  different 
texture  occur  in  the  Argiline,  some  being  more  sandy  in  composition. 
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In  these  I  have  found  very  evident  organic  remains,  though  I  cannol 
yet  say  exactly  what  they  are.  In  another  stratum  of  the  same  rock^ 
I  found  two  or  three  identifiable  Foraminifera,  namely,  Pullenia 
and  Spharoidina,  both  deep-water  forms.''  J.  W.  Gregory  found 
indeterminable  fragments  of  Badiolaria  in  this  rook,  and  I  oanr 
confirm  this  observation,  such  remains  being  abundant. 

It  is  singular  that  no  attempt  was  ever  made  to  ascertain  whether 
water  could  be  obtained  from  beneath  the  Naparima  Rocks.  Previoua 
to  my  arrival  in  the  island  (1859),  the  Qovernment  offered  a  reward 
of  £2,000  for  the  discovery  of  water  by  means  of  an  artesian  well 
in  Naparima.  One  would  have  thought  that  that  would  have  been 
sufficient  encouragement  for  such  an  attempt  A  close  examination 
of  the  physical  features  and  geology  of  the  country  might  afford 
to  an  observant  eye  and  a  sanguine  mind  further  encouragement 
for  a  prosecution  of  the  search  for  subterranean  water.  In  my 
paper  on  the  water-bearing  capacities  of  Trinidad  Rocks  (published 
in  the  Trinidad  Agricultural  Record,  1891),  also  in  my  paper  in  the 
Journal  of  the  Geological  Society  already  quoted,  I  gave  a  description 
of  the  marls  of  Naparima,  showing  that  these  rocks  do  not  yield 
springs,  nor  do  they  contain  water  except  in  union  with  the  rock. 
It  is  true  the  rock  (marl)  is  capable  of  union  with  any  quantity  of 
water,  but  it  will  not  give  up  this  water  except  by  the  process  of 
evaporation.  I  had  not  mentioned  the  fact,  however,  that  in  one 
or  two  places  in  Naparima  there  are  at  the  bottom  of  ravines  or 
gullies  springs  of  water  which,  though  too  small  to  givB  rise  to  any 
stream,  being  rapidly  absorbed  by  the  soil  or  dissipated  by  evapora- 
tion, serve  to  a  very  limited  extent  for  drinking  and  washing 
purposes.  Their  existence  is  usually  obvious  to  the  wayfarer,  for 
they  assail  his  senses  by  the  view  of  linen  spread  on  bush  and  grass, 
the  smell  of  foul  water,  and  the  noise  of  banging  and  beating  of 
clothes  characteristic  of  the  Creole  way  of  washing.  Now  it  has 
occurred  to  me  that  these  springs  arise  from  the  rock  vertically 
underlying  the  marls,  and  that  they  only  occur  where  the  depth  of 
the  marl  above  the  underlying  rock  is  not  great.  This  underlying 
or  hypogene  rock  I  suppose  to  be  an  extension  of  the  hypogene  or 
granitoid  rocks  of  South  America. 

I  am  satisfied  now  that  the  Naparima  deposits  are  not  a  continuous 
series  of  formations  of  several  thousands  of  feet  in  thickness,  but 
that  the  rocks  as  shown  in  section  are  several  repetitions  of  the 
same  beds  or  series  of  beds.  As  these  beds  are  now  almost  vertical, 
it  is  evident  that  the  movements  which  have  brought  about  the 
alteration  in  position  have  been  very  extensive,  and  the  inter- 
mediate and  connecting  portions  of  the  strata  have  been  removed 
by  denudation. 

In  my  paper  on  the  Gulf  of  Paria,  printed  in  the  Proceedings  of 
the  Victoria  Institute  of  Trinidad,  1894,  p.  106,  I  touched  cursorily 
on  the  remarkable  depression  between  Trinidad  and  Venezuela 
passing  through  the  Bocas.    I  reproduce  here  what  I  there  wrote  : — 

'*  The  Bocas  are  narrow  channels  connecting  the  Gulf  of  Paria 
with  the  Garibean  Sea.      These  channels  have  had  their  origin 
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^ts  subflBrial  valleys,  now  submerged.  (See  papers  in  Prooeedings 
Soientifio  Association,  1877,  p.  103,  and  Agricultural  Record,  1891, 
p.  79.)  The  first  Boca  (Boca  de  Monos)  is  barely  half  a  mile  wide, 
the  second  (Boca  Haevos)  a  little  wider.  The  third  (Boca  Navios, 
«o  called,  I  suppose,  because  ships  do  not  use  it),  about  the  same. 
The  Grand  Boca  is  about  six  miles  wide.  These  widths  may  be 
taken  to  be  the  clear  widths  in  the  narrowest  parts.  The  rapid 
currents  through  these  channels  have  kept  them  scoured  out,  and 
the  depth  reaches  120  fathoms.  No  mud  or  sand  of  any  kind  is 
deposited  in  these  Bocas.  The  bottom  is  one  of  rocky  inequalities 
whose  existence  is  evidenced  in  the  violent  eddies  and  ripples  of  the 
4io-called  'remu,'  a  phenomenon  which  occurs  when  the  water 
outside  the  Bocas  is  at  its  lowest  and  consequently  the  water  surface 
j^dient  from  the  middle  parts  of  the  Gulf  the  greatest.  Outside 
the  Gulf  the  Caribean  Sea  varies  in  depth  from  20  to  60  fathoms 
•except  in  the  line  of  the  great  downthrow  passing  along  the  axis 
of  the  Grand  Boca.  Here  the  depth  attains  120  fathoms,  and  is 
probably  not  less  than  90  in  any  part.  This  line  of  depression 
seems  to  be  a  terrestrial  feature  of  some  magnitude.  Its  extension 
north-eastward  from  the  Boca  Grande,  between  the  islands  of 
Grenada  and  Tobago,  is  indicated  by  deep  water  marking  the 
boundary  between  the  volcanic  region  of  the  Antilles  and  the 
non- volcanic  region  to  the  south  and  east  thereof." 

It  is  strange  now  to  myself  that  in  writing  my  paper  on  the 
Microzoic  Deposits  of  Trinidad  I  should  have  given  so  little  weight 
to  the  bearing  the  existence  of  this  depression  must  have  on  any 
theory  of  the  movements  of  the  earth's  crust  in  this  region.  I  am 
unable  now  to  go  further  into  this  subject,  but  I  cannot  forbear 
pointing  out  that  this  great  depression  of  a  portion  of  the  earth's 
surface,  which  evidence  clearly  shows  to  have  been  formerly  a  con- 
tinuous land  surface,  had  most  probably  an  intimate  connection  with, 
or  rather  was  part  of,  those  movements,  which  among  other  events 
broke  up  and  elevated  the  Naparima  Rocks  and  tilted  them  on  edge. 

IX. — Two  New  Spboibs  of  Ostraooda  of  Tithonian   Aob  fbom 

Nbssblsdobf,  Austria. 

By  Frederick  Chapmam,  A.L.S.,  F.B.M.S. 

^IIHE  following  descriptions  of  Ostracoda  from  the  Tithonian  of 

JL     Austria  relate  to  specimens  kindly  forwarded  to  me  by  Dr.  M. 

Hemes.     They  were  obtained,  together  with  numerous  other  fossils, 

including  Foraminifera,  from  the  Red  Limestone  of  Nesselsdorf. 

The  Ostracoda  seem  to  be  very  rare  in  these  beds,  for  the  two 
specimens  now  described  were  the  only  forms  obtained  by  Dr.  Remes, 
whilst  other  microzoa  were  fairly  numerous. 

Bythooypris,  G.  S.  Brady  [1880]. 

Byihocypris  (?)  Jurastiea,  sp.  nov.     (Figs,  lo-c.) 

Carapace  somewhat  compressed ;  from  the  side  subreniform,  the 

greatest  height  a  little  in  front  of  the  middle,  anterior  extremity 

broetd  and  rounded,  posterior  rounded  but  narrower.     Edge  view. 
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antenorly  rather  sharp,  posteriorly  slightly  swollen.  End  view^ 
dorsal  edge  aoute,  ventral  well-rounded.  Surface  of  shell  finely 
punotate ;  this  latter  feature  renders  the  generic  determination  as 
Bythoeypris  a  little  doubtful.  Length,  -56  mm. ;  height,  -26  mm. ; 
thickness  of  carapace,  18  mm. 

From  the  Bed  Limestone  of  Nesselsdorf,  Austria  (Tithonian). 

This  species  approaches  B.  reni/ormis,  Brady,'  in  general  form, 
but  in  the  side  view  of  the  latter,  the  posterior  extremity  is  more 
broadly  rounded. 


0' 


Pio.  1. — Bythocypi-is  Jurasiica,  sp.  nor.     Fio.  2. — Bairdia  Ntnteidorfinsis,  sp.  nov. 
X  30.  X  30. 

Baiedia,  McCoy  [1844]. 
Bairdia  Nesselsdorf ensts,  sp.  nov.     (Figs.  2a-€.) 

Lateral  view  of  carapace  subtriangular,  dorsal  margin  boldly 
arched,  ventral  nearly  straight,  but  slightly  incurved  near  the  lowest 
third.  The  postero-dorsal  margin  incurved,  postero-ventral  angle 
rounded.  The  antero  -  dorsal  margin  with  numerous  small  and 
pointed  tubercles.  Edge  view  elliptical,  with  rounded  ends ;  edges 
of  right  valve  embraced  by  the  left.     End  view  subcircular. 

Length,  *6  mm. ;  height,  *25  mm. ;  thickness  of  carapace,  '26  mm. 

From  the  Bed  Limestone  of  Nesselsdorf,  Austria  (Tithonian). 


I^  E  ^V  IIE  "W^  S. 
I. —  On  a  Collection  op  Stone  Implements  in  the  Mater 
Museum,  made  bt  Mr.  H.  W.  Seton-Earr  in  the  Mines 
OF  THE  Ancient  Egyptians,  discovered  by  him  on  the 
Plateaux  op  the  Nile  Valley.  By  Henry  0.  Forbes, 
LL.D.,  Director  of  Museums  to  the  Corporation  of  Liverpool, 
Beprinted  from  Bulletin  Liverpool  Museum,  II,  Nos.  3  and  4 
(20th  January,  1900).     With  Illustrations. 

WE  have  here  the  results  of  Mr.  H.  W.  Seton-Karr*s  examination 
and  survey  of  the  district  where  he  collected  stone  implements 
in  two  of  his  Egyptian  journeys  (1896  and  1897),  together  with  his 
account  of  the  conditions  under  which  they  occur  on  the  surface  of 
a  part  of  the  Eastern  Egyptian  Desert,  traversed  by  the  Wady  el 
Sheikh,  about  50  miles  long,  from  S.E.  to  N.W.,  and  entering  the 

1  Bep.  Chall.,  1880,  Zool.,  pt.  iii,  p.  46,  pi.  t,  figs.  la-L 
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right  bank  of  the  Nile  opposite  El  Fent,  which  is  on  the  Cairo- 
Assiout  railroad,  half-way  between  the  stations  of  Feshn  and 
Maghagha.  Rising  up  from  the  Wady  el  Sheikh  are  the  escarpments 
of  three  successive  plateaux  (the  lowest  about  400  feet  high,  the 
highest  about  700  feet).  They  consist  of  Cretaceous  (latest)  lime- 
stone below  and  Eocene  (Nummulitic)  limestone  above,  all  bearing 
flint  nodules. 

The  worked  flints  occur  in  either  isolated  or  continuous  heaps  of 
debris  thrown  out  from  the  many  quarries  or  mines,  either  on  the 
edges  or  the  surface  of  the  plateaux,  mostly  on  the  right  side  of  the 
Wady.  Flint-workings  had  been  cursorily  noticed  in  this  region  by 
Greg  and  Johnson.  Mr.  Seton-Karr,  however,  designedly  visited 
them,  and  made  a  careful  survey.  The  mines  or  pits  are  about 
two  feet  in  diameter,  and  not  deep,  nor  showing  lateral  galleries. 
They  are  more  or  less  choked  with  blown  sand.  The  excavated 
material  has  been  piled  up  around  the  mouth  of  the  pit  and  the 
implement- maker's  workshop.  Similar  pits  were  examined  by 
Mr.  H.  Seton-Karr  in  1896  in  the  Wady  Sojoor,  about  ten  miles 
to  the  south.  A  serviceable  map  and  six  excellent  photographic 
views  of  the  plateaux  and  their  special  features  (pp.  81,  101-104) 
enable  the  reader  to  master  the  topographical  details. 

Dr.  H.  0.  Forbes  gives  careful  descriptions  of  a  selection  of 
47  from  the  2,000  specimens  (pp.  78-80  and  97-106),  together 
with  good  clear  figures,  after  photographs  (pp.  82-96).  The  heaps 
of  refuse  at  the  different  sinkings  for  the  most  part  contained 
different  kinds  of  implements.  The  author's  conclusions  as  to  the 
relative  age  and  origin  of  the  mines  and  specimens  are  careful, 
liberal,  and  sound. 

Judging  from  the  plates  and  the  descriptive  notes,  we  can 
enumerate  the  several  kinds  of  flint-work  treated  of.  The  author's 
grouping  is  preserved : — 

a.  Thin-edged  discs ;  in  many  cases  neatly  dressed  on  the  surface 
and  perforated  in  the  middle,  the  central  opening  being  widened 
until  a  narrow  delicate  ring  has  been  worked  out,  for  bangles,  etc. 
(Pages  78-80.) 

6.  Axes,  chisels,  hoes,  etc. ;  of  triangular  shape  (6  in.  to  9  in. 
long),  broad  at  one  end  and  tapering  at  the  other  (butt  end).  Broad 
end  sometimes  subacute  or  somewhat  narrowed  by  rounding ;  thus 
figs.  14  and  16  are  variants ;  the  former  has  the  broad  end  subacute, 
the  latter  is  narrower  throughout.     (Pages  80  and  97.) 

c.  Leaf-shaped ;  figs.  18  and  19  more  symmetrically  chipped ; 
almost  equally  convex  on  the  two  faces ;  more  rounded  at  one  end 
than  at  the  other.     (Page  97.) 

d,  Knife-like;  figs.  20  to  35  (pages  97,  98).  Many  carefully 
dressed  flakes  (about  6  in.  to  9  in.  long)  good  for  cutting,  flaying, 
scraping,  etc.,  with  sharp  edges,  and  having  one  edge  more  convex 
than  the  other,  but  in  some  oases  almost  symmetrical  and  even  quite 
equal  (fig.  24).  Some,  neat  in  shape,  are  like  the  Danish  knives 
and  daggers ;  others  have  a  sharp-edged  portion  irregular  in  shape 
(figs.  30-83),  and  the  other  part  reduced  by  chipping  to  a  narrow 
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handle  or  tang.  Pig.  84  is  a  rooghly  chipped  three-sided  piece  of 
flint,  "partly  blocked  oat"  for  a  knife  possibly.  Fig.  35  is  a  flat, 
cunred,  sbarp-ed^ed  blade,  probably  broken  in  the  making. 

«.  Agricaltnral  implements,  etc.  Fig.  36  is  a  nearly  symmetrical 
tmncheon  or  beater,  of  a  thick  spatula-shape,  with  a  knob  at  the 
narrow  end ;  it  is  very  common.  Fig.  37  has  a  coarse,  thick  blade, 
triangular  in  section  and  sharpened  along  one  edge,  and  the  butt 
end  is  deeply  chipped  for  a  tang.  This  large  chopper-like  implement 
(8j^  in.  by  2\  in.)  is  of  common  occurrence,  and  must  have  been  an 
efficient  tool  in  the  hands  of  the  old  labourers.  Fig.  38  (from 
Wady  Sojoor),  p.  99,  another  large  anomalous  tool  (SfJ  in.  by  T-ftin-) 
flat  and  quadrangular  or  diamond-shaped,  with  the  angles  distinct, 
one  of  them  very  prominent,  is  carefully  chipped  along  its  edges. 

/.  Figs.  39  and  40  are  two  small  subglobose  hammer-stones 
(3  in.  by  2\  in.),  bearing  marks  of  wear. 

g.  Scrapers  (p.  99).  Fig.  45,  large,  comma-shaped ;  broad  and 
rounded  at  one  end,  tapering  and  curved  at  the  other,  where  one 
edge  has  been  hollowed  as  a  concave  and  hooked  scraper.  Fig.  46 
(from  the  Plateau  of  Thebes)  is  a  rough  and  irregular  flake,  broad 
at  one  end,  narrow  at  the  other;  dressed  along  the  edges,  one  of 
which  bears  a  small  semicircular  hollow.  Fig.  47  is  a  roughly 
dressed,  somewhat  semicircular  flake,  with  a  definite  concave  hollow 
at  the  middle  of  the  edge,  suitable  for  scraping  and  shaping  round 
staves  and  sticks. 

A.  Gores,  and  the  narrow  flakes  struck  off  from  them,  are  common ; 
one  long  hoof-shaped  core  is  shown  by  fig.  42. 

t.  Nondescripts.  Fig.  41  is  a  long,  narrow,  and  very  coarsely 
dressed,  three-sided  flake  (17  in.  by  3^  in.),  sharp  at  the  ends. 
Fig.  43  is  a  rough  flake,  possibly  an  early  state  of  some  such  an 
implement  as  that  of  figs.  26  or  27. 

Dr.  Forbes  now  takes  into  consideration  "  What  is  the  age  of 
these  implements  from  Wady  el  Sheikh  and  Wady  Sojoor,  and  how 
long  probably  were  the  mines  worked  ?"  ''No  find  of  implements 
so  extensive  as  the  one  which  is  the  subject  of  this  paper  has  ever 
been  made  in  Egypt ;  nor  had  any  previously  been  found  in  relation 
to  the  mines  which  supplied  the  material,  or  to  the  workshops  in 
which  they  were  fabricated."  Therefore  archaeologists  may  expect 
much  from  the  careful  study  of  this  undisturbed  locality. 

Introducing  these  very  ancient  Egyptian  relics  to  the  people  of 
to-day,  who  may  be  looking  at  them  in  the  Liverpool  or  other 
Museums,  the  author  explains  first  of  all,  briefly,  that  implements 
of  stone  have  been  in  use  down  to  the  present  from  very  early, 
even  geological,  times;  more  especially  (1)  as  rough  and  merely 
chipped  and  flaked  pieces  of  sUiceous  rock  (flint,  quartzite,  and 
other  varieties),  so  abundant  in  certain  old  gravel  beds  that  they 
characterize  a  long-past  period  of  time  called  the  Palaeolithic  Age. 
(2)  Instead  of  stones  merely  chipped  into  useful  shapes,  in  many 
places  gravels  and  loams  deposited  in  much  later  times  contain  well- 
dressed  and  polished  implements  of  stone ;  and  these,  being  character- 
istic of  newer  periods,  are  termed  '  Neolithic'     (3)  As  stone  tools. 
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iQ  process  of  making,  pass  through  roagh-ohipped  to  more  finished, 
smoother,  and  polished  shapes,  it  happens  that  sometimes  all  sorts 
occur  together ;  and,  indeed,  prejudice  and  fashion,  as  well  as  con- 
venience, kept  old  forms  in  use  until,  as  at  the  present  day,  the 
more  finished  and  best  adapted  stone  implements  only  are  used, 
after  having  been  made  from  such  natural  material  as  is  most  fit 
and  ready  to  hand. 

The  relative  age  or  chronology  of  old  worked  stones  can  be 
decided  only  when  the  natural  deposit,  or  artificial  heap  of  debris, 
in  which  they  are  found  can  be  definitely  referred  to  some  unit  in 
a  geological  or  historical  standard.  The  shape  by  itself  is  a  guide 
of  limited  value,  except  for  neoliths ;  the  colour  and  the  patination  are 
other  guides  that  cannot  be  taken  alone.  The  varieties  of  patination 
and  tint,  due  to  exposure  on  the  desert,  are  carefully  dealt  with  at 
pages  106,  107,  110,  and  111,  and  are  not  found  serviceable  in 
fixing  the  age  of  this  crowd  of  Egyptian  specimens. 

Forms  similar  to  many  of  them  have  been  found  (as  the  author 
insists)  in  the  ruins  of  Eahum  (explored  by  Professor  Petrie), 
which  was  built  in  the  Twelfth  Dynasty,  at  least  2660  B.C. 
(pages  108-110) ;  and,  just  as  neoliths  are  found  there  with 
palaaolithic  forms,  so  in  tlie  Wady  el  Sheikh  and  Wady  Sojoor  the 
fine  workmanship  of  bangle- rings  (pi.  i)  and  very  neat  dagger-knives 
{figs.  24, 26,  and  28)  is  associated  with  the  many  rude  and  very  rude 
examples  among  the  other  figures.  The  latter  may  be  more  or 
less  exactly  matched  with  specimens  of  neolithic  and  early  historic 
periods  from  localities  at  home  and  abroad.  The  few  that  approxi- 
mate to  the  so-called  '  spear-head'  and  '  leaf-shape'  forms  (figs.  11, 
13,  14,  16,  18,  and  19)  found  in  real  Palceolithio  gravels  are  not 
proofs  that  PalsBolithic  Man  worked  these  stone-pits;  they  are 
variants  in  the  old  Egyptian  workshops,  and  may  be  matched  with 
neolithic  and  historic  finds  in  museums  and  archaeological  books. 

It  may  be  noticed  that  the  Egyptian  paintings  of  the  flint-knife 
manufacture,  in  the  tombs  of  Beni  Hasan  (reproduced  at  pages  108, 
109)  J  present  outlines  comparable  with  some  of  Dr.  Forbes's  figures, 
and  are  said  to  be  of  the  same  age  as  the  Kahum  ruins. 

Other  occurrences  of  stone  tools,  flakes,  and  flint  nodules,  have 
been  noted  by  Petrie,  Quibell,  and  Seton-Earr,  on  the  Egyptian 
plateaux  bordering  the  Nile.  They  lie  in  groups  scattered  around 
working  places;  and  the  author  doubts  if  the  great  pluvial  denu- 
dation since  the  time  of  the  European  Palaeolithic  age  would  not 
have  carried  away  the  loose  debris,  whilst  cutting  the  Wadys  down 
from  the  plateaux  into  the  great  Nile  Valley. 

Dr.  Forbes  has  done  good  service  in  giving  us  this  example  of  the 
value  of  the  indestructible  direct  evidence  of  the  past,  better  than 
the  best  papyrus  and  parchment  of  versatile  history.  He  shows 
that  these  veritable  evidences  of  Early  Man  in  Egypt,  though  not 
much  less  than  5,000  years  old,  are  not,  like  those  from  the  old 
gravel  found  by  the  late  Pitt-Rivers,  of  real  Palsdolithic  age. 

T.  R.  J. 
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IT. — A  Monograph  of  Christmas  Island  (Indian  Ooban)  ; 
Physical  Fbatures  and  Qeologt.  By  C.  W.  Andrews. 
With  descriptions  of  the  Fauna  and  Flora  by  namerons  con- 
tributors. 8vo ;  pp.  xiii,  337,  22  plates,  1  map,  text  illustrated. 
(London :  printed  by  order  of  the  Trustees  of  the  British 
Museum,  1900.) 

THE  present  work  is  the  first  monograph  issued  by  the  Trustees 
of  the  Natural  History  Branch  of  the  British  Museum  dealing 
with  the  fauna  and  flora,  the  geology  and  palaeontology,  of  a 
single  geographical  unit  of  the  globe,  and  owes  its  inception  to  the 
advocacy  of  the  Assistant-Secretary,  Mr.  Charles  E.  Fagan,  F.R.G.S., 
who  has,  we  learn,  greatly  interested  himself  in  its  publication. 

The  little  island  that  forms  the  subject  of  this  monograph  lies 
to  the  south  of  Java,  190  miles  from  its  shores,  and  must  not  be 
confused  with  its  namesake  in  the  Pacific  Ocean. 

This  almost  undisturbed  little  spot  of  land,  12  miles  by  9,  is 
now  being  opened  up  for  commercial  purposes,  and  it  seemed 
desirable  that  before  its  primitive  fauna  and  flora  were  ousted  by 
man,  a  careful  record  of  them  should  be  made,  whilst  at  the  same 
time  it  Appeared  likely  that  its  geological  investigation  would  throw 
light  on  the  origin  of  coral  islands,  of  which  it  was  manifestly 
one.  Accordingly,  Sir  John  Murray  having  agreed  to  provide  the 
requisite  funds,  the  Trustees  of  the  British  Museum  granted  the 
necessary  leave  of  absence  to  Dr.  C.  W.  Andrews,  whose  selection 
for  the  purpose  of  carrying  out  the  investigation  is  seen  by  the 
present  volume  to  have  been  most  amply  justified.* 

With  the  zoological  and  botanical  results  of  the  expedition, 
interesting  and  important  though  they  be,  we  have  nothing  to  do 
in  these  pages.  The  facts  ascertained  concerning  the  geological 
structure  of  the  island  show  that  it  presents  some  important 
peculiarities,  differentiating  it  from  other  oceanic  islands,  and 
difficult  to  explain.  It  is,  in  fact,  the  flat  summit  of  a  submarine 
mountain,  whose  steep  slopes  sink  rapidly  to  a  depth  of  over 
14,000  feet  below  the  sea.  The  summit  of  this  mountain  peak  is 
formed  of  a  succession  of  tertiary  limestones  ranging  in  age  from 
the  Eocene  (or  Oligocene)  up  to  recent  reef-deposits,  with  inter- 
calations in  the  older  beds  of  volcanic  rocks. 

The  tertiary  beds,  especially  the  Miocene  orbitoidal  limestones, 
end  abruptly  on  the  coast  iu  vertical  clifls,  sometimes  250  feet  high : 
they  must  therefore  at  one  time  have  covered  a  far  wider  area,  and 
have  been  reduced  by  peripheral  faulting. 

The  principal  volcanic  rocks  are  the  basalts  and  basic  tuffs  at  the 
base  ot  the  Miocene  limestone,  separating  it  from  the  Eocene  (or 
Oligocene)  beds  below,  and  the  basalts  and  trachytes  underlying  the 
latter.  These  older  eruptive  rocks  form  the  basis  of  the  island, 
which  basis  Dr.  Andrews  considers  'Ms  almost  certainly  a  volcanic 

*  We  published  some  Notes  of  an  expedition  to  Christmas  Island  by  CW.  Andrews 
(reprinted  from  the  author's  paper  read  before  the  Royal  Geographical  Society^ 
November  28,  1898)  in  the  Geological  Magazine,  Dec.  IV,  Vol.  VI  (1899)^ 
pp.  19-27. 
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peak."  We  ventare  to  think,  however,  that  this  assertion,  qualified 
thongh  it  be,  is  still  rather  stronger  than  the  evidence. 

Owing  to  the  dolomitization  and  phosphatization  of  the  limestones 
the  palsBontologioal  oollections  were  not  rich.  The  few  Mollusoan 
remains  obtained  are  described  by  Mr.  B.  B.  Newton.  The  corals, 
which  were  more  abundant,  but  still  not  in  so  satisfactory  a  oonditioD 
as  could  be  desired,  were  carefully  worked  out  by  Dr.  Gregoi*y,  and 
include  representatives  of  nineteen  determinable  species,  of  which 
eight  are  new.     Their  general  character  is  typically  Indo-Pacific. 

The  Foraminifera,  of  which  the  limestones,  especially  the  Miocene 
(orbitoidal),  are  largely  composed,  had  mainly  to  be  studied  from 
sections,  and  are  reported  on  by  those  past  roasters  of  the  subject. 
Professor  T.  Rupert  Jones  and  Mr.  F.  Chapman,  who  have  made 
their  work  as  comprehensive  as  possible  in  the  time,  and  hope  at 
some  future  date  to  furnish  further  details.  Unfortunately,  beyond 
a  ''list  of  species  of  Orbitoides"  there  is  no  summary  of  the  results 
set  forth  in  the  thirty-nine  pages  to  which  their  report  extends. 

A  "  note  on  the  composition  of  some  dolomitic  and  other  lime- 
stones" from  the  island,  by  Mr.  E.  W.  Skeats,  completes  the 
geological  matter  in  the  monograph. 

As  regards  the  get-up  of  the  work,  we  are  glad  to  note  that  the 
print  is  better  than  in  many  Government  publications  with  which 
we  are  acquainted,  whilst  the  plates,  although  somewhat  closely 
out,  are  of  the  quality  which  we  have  become  accustomed  to  expect 
in  the  publications  of  the  British  Museum.  Concerning  the  views 
reproduced  in  the  text,  however,  we  prefer  to  be  silent :  our  remarks 
might  be  considered  libellous.  B.  B.  W. 

III. — Report  on  the  Great  Earthquake  op  June  12th.  1897. 
By  R.  D.  Oldham,  A.R.S.M.,  F.G.S.,  Superintendent,  Geological 
Survey  of  India.  Mem.  Geol.  Survey  of  India,  vol.  xxix. 
(Calcutta,  1899.) 

PHYSICAL  geologists  will  with  one  accord  be  grateful  to 
Mr.  Oldham  for  bis  admirable  report  on  the  Indian  earthquake 
of  1897.  Chief  among  modern  shocks,  if  not  among  all  recorded 
shocks,  the  wonderful  phenomena  which  it  presented,  and  the  wide 
area  over  which  they  were  observed,  combined  to  render  the  earth- 
quake in  every  way  remarkable  and  deserving  of  the  most  careful 
study.  Fortunately,  it  was  possible  to  give  to  it  the  attention  which 
its  exceptional  character  demanded.  Four  officers  of  the  Indian 
Geological  Survey  were  despatched  to  different  parts  of  the  area 
chiefly  affected,  and,  about  six  months  later,  Mr.  Oldham  made  as 
thorough  an  examination  of  the  epicentral  tract  as  his  limited  time 
and  the  impracticable  nature  of  the  country  would  allow.  The 
results  of  all  this  labour  are  as  important  as  they  are  novel  and 
interesting ;  and  those  who  have  been  engaged  in  similar  work  will 
be  the  first  to  recognize  that  we  are  here  presented  with  a  record 
report  as  well  as  a  record  earthquake. 

The  study  of  such  an  earthquake  must  have  been  an  almost 
unalloyed  pleasure  to  its  investigator.     There  was  no  need  to  spend 
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three  or  four  months  in  flooding  the  disturbecl  area  with  oironkrs, 
though  work  of  this  kind  had  of  oonrse  to  he  done.  The  materials 
to  he  coUeoted  were  not  the  fleeting  impressions  of  a  transitory 
phenomenon ;  they  were  for  the  most  part  permanent  effects  that 
could  be  examined  without  haste,  suffering  little  from  the  lapse  of 
time  and  nothing  at  all  from  defects  of  the  human  mind.  They  had 
to  be  observed,  disentangled,  and  classified, — no  light  work,  rather 
one  requiring,  and,  what  is  more,  obtaining,  the  best  energies  of 
a  capable  field-geologist. 

It  woald  not  be  easy  within  moderate  limits  to  refer  to  all  the 
points  of  interest  that  are  to  be  found  in  this  report  Though  filling 
a  complete  volume  of  the  Memoirs,  and  extending  to  more  than 
400  pages,  it  should  be  read  from  cover  to  cover,  not  by  seismologists 
aione,  but  by  every  geologist  who  wishes  to  study  the  mechanics  of 
mountain-building  or  to  realize  the  scale  on  which  the  operations  of 
nature  are  sometimes  carried  oat.  In  doing  this,  he  will  no  doubt 
be  struck  by  some  passages  more  than  by  others.  Among  them  he 
will  probably  include  the  descriptions  of  the  fissures  that  were  formed 
in  alluvial  ground  far  away  from  river-banks,  etc.  (pp.  88-94),  of 
sand- vents  and  the  forcing  up  of  river-beds  and  the  bottoms  of  wells 
(pp.  99-107),  and  of  the  numerous  landslips  (pp.  111-123) ;  the 
chapter  on  the  earthquake-sound  and  on  Baris&l  guns  (pp.  191-207) ; 
the  investigation  of  the  velocity  of  the  earth-wave  within  the 
disturbed  area  (pp.  63-77),  and  the  tracking  of  the  unfelt  vibrations 
through  the  body  of  the  earth  and  of  the  surface-undulations  almost 
completely  round  the  globe  (pp.  227-256).  To  the  physicist  the 
last-named  chapter  will  prove  the  most  interesting;  but  the  geo- 
logist will  probably  regard  with  the  highest  favour  that  which  deals 
with  the  permanent  changes  in  the  epicentral  tract.  Here  we  have 
described  the  Chedrang  fault-scarp  (pp.  138-147),  which  crosses 
many  times  the  river  of  that  name,  forming  a  series  of  waterfalls 
and  lakelets  along  its  course;  the  Bordwar  fracture  (pp.  148-151) ; 
numerous  pools,  due  to  a  reversal  of  drainage,  but  without  any 
visible  connection  with  faulting  (pp.  152-157) ;  changes  of  level 
evidenced  by  the  visibility  of  rivers  and  roads  formerly  hidden  by 
intervening  hills  (pp.  157-163) ;  and,  in  an  appendix  which  properly 
belongs  to  this  chapter,  an  account  of  the  re-survey  of  certain 
trigonometrical  stations  within  the  epicentral  area  (pp.  361-871), 
the  chief  result  of  which  is  to  show  the  urgent  need  of  its  repetition 
on  a  much  larger  scale. 

Exceptional  as  the  Indian  earthquake  was,  one  cannot  read  without 
astonishment  of  the  vast  district  over  which  these  permanent  changes 
took  place.  Mr.  Oldham  estimates  that  it  was  about  200  miles  in 
length,  not  less  than  50  miles  in  breadth,  and  more  than  6,000 
square  miles  in  area.  The  fault-scarps  and  fractures  discovered 
within  it  are  merely  evidences  of  displacements  continued  up  to  the 
surface.  They  manifest  the  extreme  complexity  of  the  earthquake's 
origio,  which  Mr.  Oldham  traces  to  a  slide  along  a  huge,  but  hidden, 
thrust-plane,  inevitably  accompanied  by  nearly  simultaneous  and 
more  or  less  visible  movements  along  the  minor  faults  connected 
with  it. 
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The  volume  is  illnstrated  by  44  plates  and  3  maps,  in  addition 
to  a  large  number  of  woodouts.  There  are  pictures  of  damaged 
and  utterly  ruined  houses,  monuments  overthrown  and  twisted  on 
their  bases,  railway  lines  crumpled  as  if  they  were  made  of  wire, 
and  fissures,  sand-vents,  and  fault-scarps,  as  well  as  the  diagrams  of 
distant  magnetographs  and  horizontal  pendulums.  Many  of  these 
are  worthy  of  a  wider  circulation,  and  will  doubtless  live  again  in 
books  made  better  by  their  presence.  C.  Davison. 
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Geoloqioal  Sooibtt  of  London. 

I— May  23,  1900.— J.  J.  H.  Teall,  Esq.,  M.A.,  F.R.S.,  President, 
in  the  Chair.     The  following  communications  were  read  : — 

1.  "  ITie  Igneous  Rocks  of  the  Coast  of  County  Waterford."  By 
F.  R.  Cowper  Reed,  Esq.,  M.A.,  F.G.S. 

The  first  part  of  this  paper  is  devoted  to  a  discussion  of  the  field- 
evidence,  as  shown  by  the  coast-sections  from  Newtown  Head  to 
Stradbally.  The  igneous  rocks  there  exposed  are  divided  into  the 
following  six  categories: — (a)  The  felsitic  rocks ;  (6)  necks  of  non- 
volcanic  materials ;  (c)  the  basic  sills  and  vents ;  {d)  intrusions  of 
dolerite ;  (e)  intrusions  of  trachyte,  andesite,  etc. ;  (/)  intrusions  of 
other  types.  In  regard  to  the  age  of  the  rocks,  there  appear  to- 
have  been  two  main  periods  of  volcanic  activity  :  the  first,  iu 
Ordovician  times,  was  marked  solely  by  outpourings  of  a  felsitio 
nature;  the  second,  post  -  Ordovician  but  pre -Upper  Old  Red 
Sandstone,  was  characterized  by  a  succession  of  several  distinct 
types  of  igneous  rocks.  The  lavas  and  tuffs,  interbedded  with 
fossiliferous  rocks,  have  been  already  described.  These  are  overlain 
by  other  felsites  and  ashes,  developed  near  Great  Newtown  Head, 
which  show  the  same  dip  and  strike  and  partake  in  the  same  move- 
ments. Next  occurred  an  outburst  of  green  and  pink  felsites,  tuffs, 
and  coarse  agglomerates,  developed  from  Great  Newtown  Head  to 
Garrarus;  and  possibly  the  xenolithic  felsites  and  greenish  tuffs 
belong  to  the  same  series.  It  is  doubtful  whether  these  were 
poured  out  before  the  first  folding  of  the  Ordovician  beds,  but  their 
strike,  when  traced  inland,  agrees  with  that  of  Uie  senes  last 
mentioned.  The  intrusion  of  some  irregular  masses  of  felsite- 
porphyry  took  place  subsequently  to  the  folding ;  it  was  followed 
by  small  veins  of  trachyte  and  andesite ;  these  by  basic  sills, 
diabases,  etc.,  and  by  a  few  doled te-dykes  and  veins.  Subsequently 
the  igneous  intrusions  assumed  an  acid  character,  and  the  felsitic 
masses  of  Newtown  Head,  Knockmahon,  etc.,  were  extruded ; 
probably  at  this  time,  too,  were  formed  the  isolated  necks  filled  with 
brecciated  fragments  of  the  earlier  rocks.  The  felspar-porphyry 
dykes  and  isolated  felsitic  sheets  and  veins  which  pierce  the  folded 
rocks,  particularly  west  of  Eilfarrasy,  probably  belong  to  this  late^ 
period. 
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The  relative  age  of  some  of  the  peculiar  types  of  intrusive 
rocks  is  indicated  in  the  paper  in  those  cases  in  which  it  can  be 
determined.  That  those  rocks  which  are  later  in  date  than  the 
folding  of  the  Ordovician  are  older  than  the  Upper  Old  Bed  Sand- 
stone is  shown  (1)  by  the  unconformity  of  the  Upper  Old  Bed 
Sandstone ;  (2)  by  the  fact  that  the  latter  rock  does  not  contain  any 
tnterbedded  igneous  rocks;  and  (3)  by  the  absence  of  felsitio  or 
other  intrusive  rocks  from  the  Old  Red  Sandstone  of  the  district. 

The  second  part  of  the  paper  is  devoted  to  petrological  notes  on 
the  different  rock-types.  The  felsites  are  classified  by  means  of 
their  groundmass  into  microcrystalline,  cryptocrystalline,  and  micro- 
poikilitic  and  other  types ;  potash-fel sites,  potash-soda-felsites,  and 
keratophyres,  all  appear  to  be  present ;  some  of  these  rooks  are 
linked  to  the  trachytes  and  bostonites.  The  diabases  and  dolerites 
are  sometimes  ophitio,  but  more  usually  allotriomorphic  in  texture. 
The  trachytes  and  andesites  are  of  various  types,  and  some  are 
probably  keratophyres.  Quartz-  and  felspar  -  porphyries,  augite- 
porphy rites,  and  several  miscellaneous  types  are  also  described. 

2.  "  On  a  new  Type  of  Rock  from  Kentallen  and  elsewhere,  and 
its  Relations  to  other  Igneous  Rooks  in  Argyllshire."  By  J.  B.  Hill, 
Esq.,  R.N.,  and  H.  Kynaston,  Esq.,  B.A.,  F.G.S.  (Communicated 
by  permission  of  the  Director-General  of  H.M.  G^eologioal  Survey.) 

A  rock  originally  described  by  Mr.  Teall  from  Kentallen  is  used 
by  the  authors  as  a  type  round  which  they  group  a  peculiar  series 
of  basic  rocks  discovered  in  several  localities.  The  rocks  consist 
essentially  of  olivine  and  augite,  with  smaller  amounts  of  orthoolase, 
plagioclase,  and  biotite,  while  apatite  and  magnetite  are  accessory. 
The  peculiar  feature  of  the  rocks  is  the  association  of  alkali- felspar 
with  olivine  and  augite,  and  the  group  is  related  to  the  shonkinite 
of  Montana  and  the  olivine-monzonite  of  Scandinavia.  The  occur- 
rence of  the  rocks  is  connected  with  four  neighbouring  but  distinct 
areas  of  intrusion,  each  characterized  by  granites  and  diorites,  and 
by  dykes  and  sills  of  lamprophyres,  porphyrites,  etc.  In  these  areas 
the  new  rook  is  the  most  basic  type,  and  it  occurs  in  the  marginal 
portions  of  the  areas.  Close  relationships  exist  between  the  different 
intrusive  rocks  in  each  area,  so  that  it  may  be  concluded  that  these 
constitute  a  '  rock-series  '  ranging  from  granite  through  augite- 
diorite  towards  the  olivine-bearing  rocks,  in  the  plutonic  phase,  and 
from  orthoclase-porphyry  and  porphyrite  to  augite-lamprophyre,  in 
the  dyke-and-sill  phase.  The  whole  assemblage  appears  to  have 
been  derived  by  a  process  of  differentiation  from  one  parent  magma ; 
and  the  order  of  intrusion  has  been,  in  the  main,  one  of  increasing 
acidity.  There  is  further  a  *  facies-suit '  in  each  intrusion,  showing 
progressive  increase  in  basicity  from  centre  to  magma,  due  to  con- 
centration of  the  more  basic  oxides  in  the  cooler  portions  of  the 
magma,  which  was  originally  of  intermediate  composition ;  from 
this  'complementary  rooks'  were  produced.  It  is  extremely  probable 
4iiat  the  underlying  magmas  of  the  four  intrusive  areas  resembled 
one  another  more  or  less  closely  in  composition. 
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II.— June  6,  1900.— J.  J.  H.  Teall,  Esq.,  M.A.,  P.R.S.,  President, 
in  the  Chair.     The  following  commanications  were  read : — 

1.  '' Meohanioally-formed  Limestones  from  Junagadh  and  other 
Localities."     By  Dr.  J.  W.  Evans,  LL.B.,  F.G.S. 

After  reviewing  the  conditions  under  which  granular  limestones 
may  be  accumulated  by  current-  or  wind-action,  the  author  proceeds 
to  describe  the  limestone  of  Junagadh,  a  deposit  some  200  feet 
thick,  resembling  in  hand-specimens  the  Oolites  of  this  country, 
though  less  firmly  cemented  together.  It  is  mainly  formed  of  grains 
consisting  of  a  nucleus  of  a  fragment  of  a  marine  organism  or 
foramini feral  test,  surrounded  by  a  layer  of  deposited  carbonate  of 
lime.  Particles  derived  from  the  igneous  rocks  of  the  neighbour- 
hood and  rounded  quartz-grains  also  occur,  but  amount  to  only 
a  small  percentage  of  the  rock.  The  whole  is  bound  together  by 
colourless  calcite-cement.  The  deposit  is  situate  at  a  distance  of 
•30  miles  from  the  sea,  and  contains  no  large  fossils  of  any  kind. 

Calcareous  rocks  of  similar  character  are  described  from  other 
parts  of  Kathiawad,  Each,  the  south-eastern  coast  of  Arabia,  and  the 
Persian  Qulf;  some  of  these  contain  unbroken  marine  shells  and 
other  fossils.  These  beds  are  included  by  Dr.  H.  J.  Carter  under 
the  name  of  miliolite,  on  account  of  the  frequent  presence  in  them  of 
the  genus  Jlft7to/a. 

The  author  discusses  the  origin  of  these  deposits,  and  comes  to 
the  conclusion  that  the  grains  were  formed  in  sea- water  saturated 
with  carbonate  of  lime  :  some  being  deposited  by  currents  in  shallow 
water,  and  others  thrown  up  as  a  calcareous  beach,  from  which 
a  portion  were  sifted  out  by  the  wind  and  blown  inland  to  form 
asolian  deposits,  as  contended  by  Professor  Blake  in  the  case  of 
certain  superficial  limestones  in  Each.  The  Junagadh  limestone 
falls  into  the  last  group,  but  must  have  been  formed  when  the  land 
was  at  a  low  level  and  the  sea-shore  was  at  no  great  distance. 

A  rapid  survey  is  then  taken  of  similar  rocks  in  other  parts  of 
the  world,  which  may  be  grouped  into  the  same  three  classes.  The 
remarkable  wind-blown  foraminiferal  deposit  of  Dog's  Bay  (Galway) 
is  referred  to  in  some  detail ;  and  the  author  concludes  by  suggesting 
that  in  the  Oolites  of  the  Jurassic  period  we  have  representatives  of 
all  three  groups. 

2.  "  Note  on  the  consolidated  JColian  Sands  of  Eathiawad."  By 
Frederick  Chapman,  Esq.,  A.L.S.,  F.R.M.S.  (Communicated  by 
Dr.  J.  W.  Evans,  LL.B.,  F.G.S.) 

The  name  miliolite-formation  was  originally  given  by  Dr.  H.  J. 
darter  to  certain  granular  calcareous  deposits  occurring  on  the  coast- 
line between  the  peninsula  of  India  and  the  mouth  of  the  Indus. 
The  foraminifera  and  other  organic  remains  in  the  rocks  must  have 
inhabited  moderately  shallow  to  littoral  marine  areas.  The  minute 
granules  are  worn  and  polished;  the  prevailing  genera  of  foraminifera 
are  roundish,  and  would  be  easily  moved  by  wind  ;  remains  of 
larger  organisms  are  absent;  and  the  deposits  are  false-bedded. 
All  these  phenomena  are  explionble  if  the  deposits  represent  the 
accumulation  cf  material  derived  from  littoral  calcareous  sand  of 
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marine  origin,  mixed  with  mineral  detritus  from  adjacent  billa 
The  rooks  can  hardly  be  older  than  Pliocene ;  and  there  is  nothing 
in  the  general  character  of  their  organic  remains  which  is  incon- 
sistent with  a  still  more  reoent  date.  The  tests  of  some  of  the 
foraminifera  have  been  filled  with  limonitic  substances  or  with  the 
yellow,  brown,  or  green  varieties  of  glauconite.  Six  specimens  are 
described  in  detail,  and  lists  of  the  contained  foraminifera  given. 
In  one  instance  the  granules  are  all  invested  with  a  thin,  dark 
layer,  which  seems  to  be  the  first  stage  towards  an  oolitic  structure. 
A  note  is  appended  on  the  foraminiferal  wind-borne  sands  of  Dog*s 
Bay  (Gal way),  discovered  by  Welch. 

3.  "  On  Ceylon  Rocks  and  Graphite."  By  A.  K.  Coomara  Swamy, 
F.G.S. 

Ceylon  is  surrounded  by  raised  beaches,  and  has  been  elevated  in 
recent  geological  times ;  fluviatile  deposits  also  occur :  the  gems  for 
which  Ceylon  is  famous  are  obtained  from  gravels  in  the  Katnapura 
district  With  the  exception  of  these  recent  deposits,  the  island 
probably  consists  entirely  of  ancient  crystalline  rocks.  Pyroxene- 
gran  ulites  are  recorded  from  several  localities;  they  are  dark  in 
colour  and  greasy  in  lustre.  Foliation  is  not  evident,  but  it  may 
appear  in  thin  slices.  The  minerals  most  frequently  present  are 
augite  or  hypersthene,  or  both,  plagioclase  (usually  labradorite), 
orthoclase-microperthite,  garnet,  quartz,  amphibole,  magnetite,  apatite, 
zircon,  and  biotite — the  pyroxene  and  felspar  alone  being  essential 
constituents.  Varieties  approach  gabbro  and  eclogite.  Tlie  texture 
is  granulitic  or  granular.  Centric  structures  are  very  characterbtic, 
probably  resulting  from  the  corrosion  of  garnets.  Normal  granulites 
are  white  or  grey,  and  usually  contain  red  garnets.  The.minerala 
are  quartz,  orthodase-  and  microoline-microperthite,  plagioclase,  and 
garnet;  biotite,  magnetite,  ilmenite,  apatite,  and  zircon  are  often 
present ;  and  the  texture  is  granulitic.  Microcline-gneiss,  sometimes 
with  hornblende,  occurs  in  conical  hills,  originating  the  term  domoid 
gneiss  employed  by  Professor  Walther.  The  minerals  include 
orthoclase-  and  microoline-microperthite,  quartz,  plagioclase,  biotite, 
pyroxene,  amphibole,  pyrite,  magnetite,  apatite,  and  zircon. 
Anorthosite-gneiss,  gneissic  granite,  and  pegmatite  are  also  described. 
Dark  diorites  (containing  amphibole,  plagioclase,  quartz,  pyroxene, 
biotite,  magnetite,  apatite,  and  zircon),  dolerite,  hornblende-gabbro, 
and  ophitic  quartz-norite  are  also  present.  The  white,  crystalline 
limestones  usually  contain  pale  mica  and  blue  apatite ;  sometimes 
also  colourless  pyroxene.  Banded  scapolite-  and  wollastouite-bearing 
rocks  are  found  at  Galle.  Certain  rocks,  apparently  vein-products, 
are  also  described,  which  contain  quartz  and  caloite  micrographically 
intergrown. 

Graphite  occurs  chiefly  in  branching  veins  in  igneous  rocks,  which 
at  Ragedara  are  granulites  and  pyroxene-gran  ulites.  The  relations 
to  the  matrix  are  described,  and  are  held  to  favour  the  idea  of  the 
deposition  of  the  mineral  as  a  sublimation  -  product  (Walther),  or 
from  the  decomposition  of  liquid  hydrocarbons  (Diersche).  Analyses 
of  several  of  the  minerals,  including  manganhedenbergite,  are  given ; 
and  a  bibliography  of  the  geology  of  the  island  is  appended. 
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I. — On  the  Fauna  of  the  Uppeb  Oassian  Zone  in  Falzabsoo 
Valley,  Sotjth  Tybol. 

Bj  M.  M.  OOILTIB  OOBDOK,  D.Sc. 

HAVING  the  opporfcanity  of  revisiting  Munich,  I  have  drawn 
np  a  list  of  the  fossils  which  formed  the  basis  of  the  '*  Upper 
Oassian  Zone/'  erected  by  me  in  1893.  These  fossils,^  when 
I  discovered  them  in  Falzarego  Valley  in  1891,  were  then  for  the 
most  part  unknown.  The  tuffs  and  breccias  in  which  they  occur 
had  been  referred  by  Loretz  to  the  fossiliferous  Eaibl  horizon  of 
the  Schlem  Plateau,  and  by  Mojsisovics  to  the  much  lower  horizon 
of  Wengen  strata.  I  found,  by  careful  collection  from  strata  in 
position,  that  the  fauna,  in  addition  to  a  fair  proportion  of  St  Oassian 
types  and  a  few  Baibl  types,  comprised  a  number  of  types  common 
both  to  Oassian  and  Eaibl  horizons  and  a  still  greater  number  of 
species  which  had  not  been  found  elsewhere  (Q.J.G.S.,  1898,  pp.  31, 
44,  46,  47). 

Judging  both  from  the  transitional  Oassian-Baibl  character  of  the 
fauna  and  from  the  stratigraphical  position  of  the  fossiliferous  series 
in  the  field,  above  a  zone  containing  typical  St  Oassian  fauna, 
I  concluded  that  this  Falzarego  Valley  fauna  represented  a  palseonto- 
logioal  zone  younger  than  the  typical  St  Oassian  fauna  as  known  at 
Stuores  and  Prelongei,  and  older  than  the  lower  Raibl  fauna  as 
known  at  Schlem  Plateau  and  described  by  von  Wohrmann  and 
Eoken.*  I  therefore  placed  it  as  an  independent  palsdontological 
zone,  naming  it  Upper  Oassian.'  This  determination  of  an  Upper 
Oassian  zone  in  South  Tyrol  practically  demonstrated  the  same 
gradual  faunistic  transition  from  Oassian  to  Raibl  zones  in  South 
Tyrol  which  had  been  demonstrated  by  von  Wohrmann^  in  the 
Oardita  and  Baibl  strata  of  North  Tyrol. 

^  My  zonal  collections  from  the  Enneberg  and  Ampezzo  Upper  Trias  are  in  the 
PalsDontol^cal  Mnseam  in  Munich. 

'  Ton  Wdhrmann  nnd  Koken  :  *'  Die  Faunen  der  Baibler  Schichten  Ton  Schlem- 
plateau  "  :  Zeitschr.  d.  D.  geol.  Ges.,  1892. 

*  OgilTie:  **0n  the  Wengen  and  Oassian  Strata  in  Southern  Tyrol,"  Quart. 
Joum.  Geol.  Soc.,  1893 ;  "  Coral  in  the  Dolomites,'*  Geol.  Mao.,  1894. 

*  Ton  Wohrmann:  '*  Die  Fauna  der  sogenannten  Cardita  n.  Raibler  Schichten 
in  den  Nordtiroler  u.  bayerischen  Alpen"  :  Jahrb.  der  k.k.  geol.  Beichs.,  1889. 

DBCADB  nr.— TOL.  TH.—NO.  Till.  22 
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After  the  publioation  of  my  paper  in  1893,  at  Dr.  Bittner's 
request  I  sent  to  him  in  Vienna  my  private  oolleotion  of  the 
Falzarego  Valley  fauna.  I  hoped  that  in  Vienna,  among  the  South 
Tyrol  ooUeotions  of  the  Austrian  Gtoologioal  Survey,  a  nearer 
identification  of  the  material  might  be  attained.  Thus  the  fauna 
has  had  the  advantage  of  Dr.  Bittner's  close  examination  and 
judgment,  and  I  am  now  in  a  position  to  publish  a  list  of  the 
types  named  in  accordance  with  the  most  recent  advances  in  the 
literature  of  Alpine  Trias.^  The  Lamellibrandhs  have  for  the 
most  part  been  described  and  illustrated  in  Dr.  Bittner's  "  Mono- 
graph." The  Soman  numerak  and  figures  entered  in  the  list 
refer  to  that  work,  and  the  bivalves  are  enumerated  in  the  order 
adopted  there. 

LIST  OP  FOSSILS. 

Ahhrwiationt, — C*  =  occnrrenoe  in  Staores-Cassian  zone ;  B*  s  oocnrrence  in  Raibl 
zones.    S.Pl.  after  B  s  occnrrenoe  also  in  the  Baibl  beds  of  Schlem  Platean. 


Lambllibranchiata. 

^itpu^ria  M/i^tm,  Bittn.  (i,  19,  20) 

Ootu>d<m  {(krhi»)  plana^  lAiiiA.^  vo 

Zaubeia  [Megalodus)  striailata,  Elipst.,  sp.  (ii,  13-18) 

AMtartopiM  Hichthofmit  otoi 

ifyopAoriopM /ifteato,  Mnst./8p.  (xiii,  1-6) 

Myophoria  deeusMtaj  Mnst.,  sp.  (xii,  1-8)       

,,     JUtidmtataf  yon  W'6]am 

Myophoria  (?)  aolitaria,  Bittn.  {xuv,  27)        

Trigonodtu  BabUnsis,  Qredl.t  sp.  

CueuUaa  {Maerodon)  imprMM,  Mnst.,  sp.  (xr,  1,  2)  ... 

P{nna,  sp.  inn.  (y,  15,  16)         

Avieula  Sturi  (=  pars  A.  Oea,  D*OrbO,  Bittn.  (viii,  3,  4)  . 

„      Cattiana  (-  pars  A,  Oea,  D*Orb.),  Bittn.  (Tiii,  6) . 

„      Cortinentii  (iSt.  A,  Oea,  D'Orb.),  Bittn.  (viii,  6)    . 

,,      Tofana,  Bittn.  (yiii,  9-11) 

CsMioiM/ld  eu^fypAo,  Lbe.  (fii,  1)        

„      dieunata^  Mnst.,  e^.  (vii,  6-15,  20) 

„      attffusta,  Bittn.  (y,  23-26]       

,,      Ampezzanaf  Bittn.  (Yi,  10,  11)  

ffo^mena  Johatmit  Autiria^  Klipst.  (z,  10-15) 
GervilHa  angutta,  Gdf.  (iz^  13)  

„      angulata,  Mnst.  (lz,  11-17)    .< 

„      Offilvia,  Bittn.  

Feetm  tubtUifer,  Mnst.  (ziz,  13-16)     

„      cf.  auristriatwt  Mnst.  (ziz,  23-26) 

„      aff.  Saeeoi,  Par.  fziz,  22)        

,,      alf.  iubdetni$»u4,  Bittn.  (ziz,  29)        

„      Landranua^  Bittn.  (ziz,  21)     
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•  S.PL 

•  &.P1. 

•  S.P1. 
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^  Bittner :  <*  Die  Brachiopoden  der  Alpinen  Trias,"  Abhandl.  der  k.k.  geol.  Beich- 
eanstalt,  Wien,  1 890 ;  *<  Die  Lamellibranctuaten  der  Alpinen  Trias,* '  Theil  i,  <<  BeYision 
der  Lamellibranchiaten  Yon  St  Casaian,*'  Wien,  1895.  KittI:  *'Die  Gastropoden 
der  Scbichten  Yon  St.  Cassian  der  Siid-Alpinen  Trias,"  Annalen  des  k.k.  natorfaist. 
Hofmosenms,  Wien,  1891 ;  *'  Die  triadischen  Gastropoden  der  Marmolata  n.  YerwandL 
Fnndstetten  in  den  weissen  Biffkalken  Siidtirols,"  Jahrb.  k.k.  geol.  Beicbs.,  1894 ; 
<*  Die  Qastropoden  der  Esinokalke  nebst  einer  BeYision  der  Gastropoden  der  Mar- 
molatakalk,"  Annalen  des  k.k.  naturhist.  Hofmnsenms,  Wien,  1899.  Salomon  u. 
Bohm :  '*  Fanna  der  Marmolatakalk,"  Pala^ntograpbica,  1895. 
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Zmm  OM^w/^a,  Host.  (var.  o^2mto,  Bittn.) 

„     {Phfio$totM)  tubpunetata,  D'Orb.  (xxi,  19,  20) 

,,     {IfgtidiopUra  P)  tpinigtra^  Bittn.  (zz,  82}        

MytidiopUra  A,  vixcottata^  %io^^.  (jXt  Z&) 

^      cf.  <Mitf/2a,  Bittn.  (zzi,  1)        

JPlieatula  soUa,  Lhe 

,,      O^Oput,  Bittn.  (xziii,  20, 21) 

JPUkfunopHs,  sp.  indet.  (xxiii,  16)  

6olmf  MytihUf  Anaplophoraf  and  Jfy<w«l«t  (in  poor  tpedmena). 

GASmtOPODA. 

2)mUUiumnmiU,M.Jiei 

Aemaa  {Patella)  eampaturformis,  Eliptt,  ip 

Patella  eapulina,  Bnmi  if  granulata,  hh9.)     

yifritcpiit  deeustataf 'iinsi,,  sp 

,9      offfiate,  Mnst.,  sp 

Jferitina  imitans,  "Kitd 

£ucyelo§eala  {Sealaria)  ornata,  Mnit,  ip 

Colioniaeineta,'iiiist.,sp 

IMphinuloptis,  sp  indet.  

Jfatieopii8neritaeea,'iiBSt.,9p 

„      expama,  Lbe.,  sp 

,,      an.  Caeeiana,  Wissm.,  sp 

PijfeJkottoma pleurotomoides,  WiasuL,  ip 

Ptychoatomaf  n,sp.,  bS.  Troeheif  Eitd 

Sologyra  Offihia,  B5hm  

JLoxonetnaf  sp.      ...        ..•        ...        ...        ...        ...        ... 

Ooniogyrat  n.sp 

Ifatiea  plieatihe,  JDipst,  

SpiroBtfflut9ubcolumnaris,'M.iigl.,tp 

„      eolumnarit,  Mnst.,  sp 

SuthyttyUu  hattile,  J.  Bohm  {Orthatylue  cf.  I^hei,  Kittl) 

ffypHpleura  tubncdoea,  "Ekhpet.,  sp 

Cotloity Ima  eratsa,  Uiui.,  sp 

„      sp.,  cf.  infrastriata,  Kittl       

Fnmathildia  {Turritella)  eubomata,  Mnst.,  sp 

,,      sp.P       ...        ...        

PbetidmeUMia  {l^mitella)  cf.  emilii^  llnst«,  sp. 

CSFHALOPODA. 

Aulacoceroi  inducetu^ 'hILoJB 

Orthoeerat  eleyatUf  Tdjui,  

Jfamtilui^  sp.  indet.        

l$bitei  {ClyienUei)natUilinut,  "MsMLtSp 

Drachyetrat  Aon,  Msut,,  sp 

Pimaeoeerat  PhUopater^  Lm 

Braohiopoda. 

<V^ifMi  i^Ait,  Klipst,  sp 

Amphielina  icitula,  Bittn 

Thifoepira  tenuittriata,  Bittn.  (aft.  T.  GUm^li)        

Xkynchcnella  d.  trieoetataf  Idiui.f  sp 

3htbrattilmf  n.sp.,  aif.  Caetiana,  Bittn.  

JTaldkeimia,  iLsp 

EcmroDiRifATA. 

Ckhrit  parastadtfera,  Schafh 

„      thnatm,  Brann 

„      a^ato,Ag 


R 


•  8.P1. 

•  S.PI. 


,8.P1. 


>m 


i8.Pl. 
i8.Pl. 
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CidarU  Hausmanni,  Wiasm 

ff      deeorata,  Most.  

„      Braunii,  LeeoT 

ff     Jlexuota,  Most.  ...  

„      XtVi^ora,  Mnst 

Sntroehut  {Encrinm)  Cauianutf  Lbe.,  sp. 

„  „         pranuloiuSf  Must.,  sp.  ... 

„  „  variofu,  Mnst.,  sp. 

„      {Flmtaerinw)  TtrolmM,  Lbe.,  sp.     ... 

„  ,,         propinqttuSf  Mnst.,  sp.  ... 

COSLENTBRATA. 

Cladophyllia  mblavUf  Most. ,  sp.  

Itattraa  Oumbelif  Lbe 

ITMnmastraa  Zitteli^  Yon  Wolirm 

To§eha$tr(Ba  Oppeli,  Volz 

Stylina,  n.sp.,  and  several  Theeosmiliaf  sp.  ind. 


c 

B 

• 

• 

• 

... 

• 

• 

• 

• 

•  S.Pl. 

• 

• 

• 

... 

• 

« 

« 

« 

« 

« 

... 

« 

... 

« 

Beokoniug  the  peroentages  from  the  Lamellibranohs  as  a  saie 
standard,  the  result  yields  34  per  oent  new  speoies  not  yet  known~ 
in  any  of  the  Oassian  or  Baibl  zones  of  Alpine  Trias ;  25  per  oent. 
speoies  present  in  the  Stuores-Cassian  fauna  but  not  in  Baibl 
horizons;  25  per  cent  speoies  oommon  both  to  Stuores-Cassian 
and  to  Raibl  faunas;  and  16  per  cent  species  present  in  Baibl 
horizons  but  not  in  the  Stuores-Cassian  fauna.  The  thick-shelled 
larger  habitus  of  the  bivalves  at  once  marks  a  difference  from  the 
Stuores-Cassian  fauna,  and  presents  a  striking  resemblance  to  the 
character  of  recognized  Baibl  faunas  in  this  district,  e.g.  the  Tra- 
vemanzes  Baibl  fauna  at  the  higher  horizons  in  Falzarego  Valley 
and  the  Schlem  Plateau  Baibl  fauna  farther  west  This  faunistio 
transition  in  the  bivalves  is  undoubtedly  attributable  to  renewed 
local  accumulations  of  tuff  and  volcanic  dust,  to  strong  current 
action,  and  the  frequent  reconstitution  of  littoral  molluscan  colonies 
at  one  place  or  another  as  the  eruptive  invasions  permitted.  The 
same  transition  seems  to  have  taken  place  simultaneously  in  the 
neighbouring  localities  of  Bimbianco,  Misurina,  and  Seeland  Alpe 
(Q.J.G.S.,  1893,  pp.  24,  33,  36). 

While  the  list  shows  clearly  the  close  affinities  of  this  fossiliferous 
zone  with  the  older  Stuores-Cassian  fauna,  a  few  observations  may 
be  made  regarding  the  affinities  with  the  younger  Baibl  fauna. 

The  most  commonly  occurring  genera  among  the  bivalves  are 
Avieula  and  Caaiiandla.  According  to  Dr.  Bittner's  terminology, 
two  speoies,  A.  Sturi  and  A.  Cassiana,  represent  the  older  name  of 
A.  Oea,  while  A.  Coriinensis  has  dose  affinity  with  these  species. 
On  the  actual  ground  it  was  A.  Sturi  which  distinguished  itself  by 
the  number  of  its  representatives.  On  the  other  hand,  Avieula 
Tofana  is  a  more  distinctive  local  type.  A,  Sturi  occurs  in  North 
Tpx)l  at  a  high  horizon  of  the  Cardita  strata,  and  continues  in  the 
upper  (Torer)  Baibl  fossiliferous  series.  Hoemesia  Johannis  Austrio 
and  Oervillia  angusta  likewise  continue,  both  in  North  and  South 
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Tyrol,  in  the  Upper  Baibl  zone  (von  Wdhrmann,  loo.  cit,  N.  Tyrol, 
1889,  p.  260). 

CaaianeUa  deeussata  and  OueuUaa  impressa  are  present  in  the 
Sohlem  Plateau  strata,  which  Yon  Wohrmann  regards  as  oon- 
temporaneoQS  with  the  'Upper  Cardita'  or  'Lower  Baibl'  series 
in  North  TyroL^  Opinions  differ  regarding  the  absolute  identity  of 
the  two  species  Myophoria  decusiata  and  Myophoriopis  Uneata,  in 
the  Falzarego  fauna,  with  the  types  described  by  Yon  Wohrmann 
at  Schlem  Plateau,  but  the  affinity  is  certainly  dose.  Myophoria  (?) 
Bolitaria  has,  according  to  Dr.  Bittner,  nearest  resemblance  to  a  Baibl 
form,  M.f  sp.  Tommasi.  The  Oervilliaa  and  Pecten$  are  genera  which 
are  relatively  exceedingly  rare  in  the  Stuores-OMsian  zone,  but  here, 
as  in  Baibl  strata,  they  are  of  common  occurrence  and  comprise 
a  few  species  identical  with,  or  closely  related  to,  Baibl  species. 

Thus,  the  close  examination  which  the  Cortina  Lamellibranchs 
have  now  undergone  has  served  to  prove  that  the  evidence  which 
1  gave  in  1893  of  an  Upper  Cassian  or  Cassian-Baibl  transition 
zone  was  well-founded.  Freviously  to  1893  the  only  intermediate 
Lamellibranoh  fauna  known  in  South  IVrol  between  the  Stuores- 
Cassian  zone  and  the  typical  Torer  Baibl  zone  was  the  Sohlem 
Plateau  fauna,  but  a  palaeontological  gap  existed  between  it  and  th» 
Stuores-Cassian  zone. 

With  regard  to  the  Gastropods  in  the  foregoing  list  of  the  U^per 
Cassian  fossils  in  Falzarego  Valley,  the  majority  of  the  species  are 
identical  with  Cassian  species.  This  is  natural,  since  the  Stuores- 
Cassian  fauna  is  characterized  by  the  extraordinary  number  of  small 
Gastropod  species  and  individuals,  whereas  the  Baibl  fauna  is 
characterized  by  a  greater  number  of  Lamellibranchs  in  proportion 
to  the  number  of  Gastropod  species.  As  a  local  feature  it  may 
be  noted  that  certain  species,  e.g.  Neritina  imitans  and  Scalaria 
omata,  are  present  in  relatively  far  greater  number  of  individuals 
in  the  Falzarego  area  than  in  the  Stuores  Meadowland.  More 
important  as  a  sign  of  transition  is  the  occurrence  in  large  number 
of  individuals  of  two  species,  Neritopm  deeussata  and  armata,  which 
are  common  both  to  the  Stuores-Cassian  zone  (in  small  number)  and 
to  the  Sohlem  Plateau  and  other  Baibl  faunas.  Ptychoiioma  pleuro* 
iomoides '  is  a  species  numerously  represented  in  the  Upper  Cassian 
zone  in  Falzarego  Valley  and  at  Heilig-Ereuz,  and  is  one  which 
continues  in  Baibl  horizons. 

Another  interesting  feature  in  connection  with  the  Gastropods 
is,  that  several  species  are  identical  with  species  found  in  the 
Marmolata-Ealk  or  calcareo-dolomitio  fades  south  of  this  area,  and 
that  the  beds  of  dolomitio  limestone  which  immediately  overlie 
the  Falzarego  tuffd  are  locally  full  of  Gastropod  fossils.  The 
transitional  Cassian-Baibl  relations  of  the  other  groups  call  for 
less  remark.    Amongst  the  Brachiopods,  Amphidina  aeittda,  amongst 

^  von  Wobrmann,  **  Die  Eaibler  Schichten,"  m.  XJeberaichtstabelle :  Jahrb.  k.k. 
Reichs.,  1893,  p.  768. 

'  See  Kittl,  **  Die  Gastropoden  der  Scbicbten  yon  St.  Cassian  der  Sild-Alpiaen 
Trias" :  loc.  dt.,  pp.  157-8. 
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the  Eohinoderms,  P^ntaerinui  Tirolen$i$  and  Oidaris  paroitadi/era, 
continue  in  the  highest  Baibl  horizons.  In  all  groups  the  revised 
Ibt  is  fonnd  to  ftilfil  the  requirements  of  a  palsBontologioal  bridge 
between  the  Stuores-Oassian  and  the  Sohlem  Plateau  (or  Upper 
Cardita)  strata,  and  Uierefbre  to  merit  the  place  I  assigned  to  the 
fauna  in  the  percentage  table  and  accompanying  remarks  of  my 
earlier  paper  (Q. J-O.S.,  1893,  p.  44 ;  also  Obol.  Mao.,  1894,  p.  10  seq.). 
I  now  submit  the  complete  series  <d  Upper  Triassic  zones  in 
Falzarego  Valley. 


PALiBONTOLOaiCAL  AND  STRATIGBAPHICAL  SEBIES. 


Locautt:  Sorlbbk. 

ComparaiiYe  extract  from 

▼<m  Wdhrmaim's  *  *  Die  Baibler 

Schichien":  Uebernohtrtabellft, 

1898. 


Lo€Alitt:  Falzabboo  Yallbt  and 

TBATBNAlfXBS. 

(Of.  OgilTie,  1893-4.) 


Horison  d  (yob  W5hr.). 

Dolomite  banks 

with 

ipeciee  of  MtgoMhu. 

Dolomite  with  cord 
growthf ,  etc. 


^  Horison  $  (yon  Wohr.). 
Bed  Schlem  Plateen 
f oMUiferoofl  strata  with 
Myophoria  Jttiidtntata 
and  Ktf$r»Uinii, 
Paehyeardia     Kaum, 
Triyonodus   Babltnsit, 
Moemetia       JohtmnU 
Austria,     Patella    /. 
Boshmi,        Tretatpira 
tnultittriataf  Joahnit$9 
cymb\formi$,  etc. 
(Sphaorocodien,  coral 
growths,  plants,  etc.) 


Horizon  b  (von  "Wohr.). 
Stratified  dolomite. 


i 


( Dolomite    bands    and    Tarienited    marls. 

Nnmerons  ifi^o/MfiM  fossils :  JftyaMk» 
triquetsr;  Jftyalodut  d.  bompresmtt. 
Thin  band  of  dolomite  weathered  as  terrace. 

'  Oitrma  marls '  and  limestones :  leading 
type,  Otiraa  mentis  eaprilis. 

Thick-bedded  limestones,  foU  of  imper- 
fect Pectenfossils:  IMmffallensis,9i^ 

<Oipit  Limestone'  bed  with  ooral  and 
echinoderm  remains. 

Soft,  flak^  limestone,  with  ammonite  and 
nautiloid  sp. 

Gjpsum,  red  marls,  ddomitic  flagstonsi, 
rauchwackes. 

Hard  arenaceous  UmestoneStpoorinfossils. 


f  Brown  sandstones,  the  chief  horizon  of 
Myophoria  Ksfsrstsinii  &  M.  JThaU- 
Isya;  Myophoria  Jlssidsntata,  Myo* 
phorieardium  linsatum,  Fhysoeardia 
OaUvim^  Triyonodus  Eahlensis^ 
Mosrmsia  Johaftnis  Austria ;  Feetm^ 
sp. ;  Turbo,  n.sp. ;  plant  stems; 
nnmerons  coalj  fragmento,  and  sj^ks 
of  Yarious  mineral  ores ;  '  Cipit  Lime- 
stones '  interbedded  with  sandstones. 
Thin  band  of  dolomite  weathered  as  terrace. 
Bed  nodular  marls  of  tufaceous  chara(^. 

Quartziferous  sandstones  with  Triyonodus 
BablensiSy  Myophoria  Jhsidentata,  etc.» 
passing  into  upper  horizons  of 

Cliff  of  stratified  dolomite,  and  finely  inter- 
layered  Yolcanic  sand  ;  locallj  de- 
yeloped  as  dolomitic  limestone,  with 
many  Gastropods ;  in  lower  horizons 
interbedded  with 
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Hornon  a  (you  Wohr.). 

Angiie  porphyiy 
uid  tuffs. 


B 

O 

B„ 


'Cipit  limestones*  and  volcanic  toffli; 
tofaceons  marla,  impure  limestones^ 
lignite,  and  arajTOnue.     Spiroatyhu 

moidw,  NeritopM  dteussata,  armvta^ 
Aitartopit  Sichthofmi,  and  crowded 
fragments  of  species  of  Solmt,  FlicatM, 
Flaeunopiii,  Avicula,  etc. 
Pale^greenish  toftuwous  shales,  reddish* 
brown  tofaoeons  breccias  with  qoartiL 
grains,  glassy  and  metaUiferons  ore 
inolarioDB,  fimestones  with  vneren 
bedding  surfaces.  These  are  the  chief 
horizons  of  Upper  Cassian  biyalves: 
Avieula  Cortineniit,  li/ana,  Sturif 
Camana  ;  CamtuuUa  d$eu$$ata  ; 
OtrvilUa  OgiUnm,  tmgulata ;  Myo* 
pAoria  theuiata ;  Eimnma  Johanms 
Atutrim ;  Lima  angulata ;  Ftcten 
Zfrndranut,  tubuiiftr  ;  ^riffonodui 
EablemU;  etc. 

Irrefpilar  cran  and  blocks  of  'Cipit 
Limestones '  in  tnfb. 

Dark  tofaceons  earth  and  marls ;  thin* 
beddedshales  and  limestones oontainlnr 
rich  faona  of  small  forms,  in  typicu 
'Staores' character:  Cardita erenata, 
Kommkina  Z$OHhardti,  TraehyctrOM 
Aon,  Nucula  Unsata,  itrigiUU, 
Schigoyonium  tubooitaium,  etc. 

GypsiferouBinarlB,  aragonite,  tnfaoeous 
grits  and  shales  with  *Cipit  Lime« 
stones ' ;  sponges,  corals,  eclunoderms, 
J\mdaiumffa  Whtffftms,  etc. 

Ashj  and  felsitio  series,  black  tofaceons 
earth,  occasional  dark  bituminous 
limestones:  Salobia Lommsli, Poiido' 
nomya  W$ngena%$,  plants,  etc  (for 
Stnores-Cassian  and  Wengen  Senes, 
cf.  aut,  1898,  p.  16). 


The  Lower  and  Middle  Oassian  horizons,  diBtingabhed  by  me  in 
1898,  are  here  oombined  at  one  paladontologioal  zone,  the  Lower  or 
Stnores-Cassian  zone;  sinoe,  although  the  subdivision  is  useful  in 
field  survey,  the  horizons  are  not  palsdontologtoally  independent 

The  stratigraphy  of  the  Upper  Cassian  zone  in  Enneberg  and 
Ampezzo  is  more  di£Soult  than  the  palsdontology,  sinoe  the  lower 
Baibl  fossiliferons  sandstones  are  replaced  by  various  local  faoies, 
^wholly  dolomitio  (as  at  Lagazuoi),  or  developed  as  a  series  of 
dolomitio  limestones  and  irregular  banks  of  dolomite,  interbedded 
with  marls  and  sandstones  (as  at  Rooes  Alpe). 

In  Falzarego  Valley  the  Upper  Cassian  tufaceous  series  rests 
oonformably  upon  Cassian  strata  containing  the  typical  Stuores 
fauna,  and  is  succeeded  by  a  bed  of  dolomite  of  varying  thickness,  in 
some  places  fossiliferous,  with  Gastropod  colonies,  coral  banks,  algs, 
eta,  in  others  unfossiliferous  and  interlayered  with  volcanic  sand 
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and  nodalar  iron  ore.  Sometimes  the  sandy  material  ooonrs  in 
patches,  sometimes  in  layers  a  few  inches  thiok,  sometimes  in 
layers  as  fine  as  the  finest  dast  The  ohemioal  decomposition  of  the 
calcareous  and  the  volcanic  material  and  the  weathering«out  of  the 
finely  and  coarsely  interlayered  s^nds  and  tuff's  from  the  rock 
largely  account  for  the  frequent  occurrence  of  toothed  and  fjEtntastio 
erosion  forms  at  this  horizon  of  the  Schlem  Dolomite. 

The  relations  of  these  dolomitic  and  sandy  layers  are  such  as 
are  presented  to  us  in  recent  descriptions  of  volcanic  and  organic 
muds  in  the  vicinity  of  oceanic  islands,  or  more  generally  of  '  Bed 
Clay'  and  pelagic  'Oozes.'  I  have  always  held  that  the  deposits 
of  Baibl  age  represented  the  actual  sediments  in  South  Tyrol  in 
which  a  dolomitic  character  may  be  regarded  as  original  (''Ooral 
in  the  Dolomites/'  1894,  pp.  11-13,  20-22),  and  that  it  was  there 
associated  with  chemical  decomposition  going  on  contemporaneously 
with  sedimentation.  My  specimens  fi*om  this  horizon  are  under 
examination  in  Prof.  Armstrong's  laboratory  at  South  Kensington. 

The  chemist  is  confronted  in  the  dolomites  with  the  same 
possibilities  of  chemical  decomposition  and  interchange,  both  in 
the  past  submarine  and  in  the  present  subaerial  conditions,  which 
were  clearly  set  forth  by  Sir  John  Murray  in  his  Presidential 
Address  to  the  Geographical  Section,  British  Association,  1899, 
from  which  I  quote  the  following  passages :  "  The  inorganic  con- 
stituents of  the  Pelagic  Deposits  are  for  the  most  part  derived 
from  the  attrition  of  floating  pumice,  from  the  disintegration  of 
water*logged  pumice,  from  showers  of  volcanic  ashes,  and  from 
the  debris  ejected  from  submarine  volcanoes,  together  with  the 

products  of  their  decomposition If  the  whole  of  the 

carbonate  of  lime  shells  be  removed  by  dilute  acid  from  a  typical 
sample  of  Qlobigerina  Ooze,  the  inorganic  residue  left  behind  is 

quite  similar  in  composition  to  a  typical  Bed  Clay The 

volcanic  materials  in  a  Bed  Clay  having,  because  of  the  slow 
accumulation,  been  for  a  long  time  exposed  to  the  action  of  sea- 
water,  have  been  profoundly  altered.  The  massive  manganese-iron 
nodules  and  zeolitic  crystals  present  in  the  deposit  are  secondarv 
products  arising  from  the  decomposition  of  these  volcanic  materials. 

The  development  of  organic  and  inorganic  muds,  with  all  possible 
variations  in  the  alternative  bedding,  is  the  normal  character  of  the 
Schlem  Dolomite  within  Enneberg  and  Ampezzo.  And,  as  I  pre- 
viously pointed  out,  the  contemporaneity  of  this  dolomitic  series, 
in  whole  or  in  part,  "  with  foisiliferaus  Baibl  strata  elsewhere  (e.g. 
the  Schlem  Plateau  strata)  would  in  nowise  afford  evidence  of  the 
Coral  Beef  Theory,  hut  only  of  the  familiar  fact  of  Baibl  heteropism.** 
("Coral  in  the  Dolomites,"  1894,  p.  18.) 

The  dolomite  cliff  and  marls  in  Falzarego  Valley,  Boces  Alpe, 
and  Travenanzes  are  succeeded  by  a  well-defined  gpx>up  of  sand- 
stones, shales,  and  shaly  limestones,  in  which  a  typical  Baibl 
fauna  occurs.  The  fossils  enumerated  at  this  horizon,  in  the  above 
table  of  Upper  Trias,  were  all  personally  collected  from  a  number 
of  places  along  this  high  mountain  terrace  above  the  valley.  Strange 
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to  say,  I  never  found  Pachycardia  Haueri,  whioh  is  suoh  a  numerously 
represented  type  in  the  Sohlem  Plateau  strata.  The  limited  oolonial 
aspeot  of  local  faunas  seems  to  have  been  the  leading  palsdontologioal 
feature  of  the  Cassian-Baibl  period. 

Whilst  the  age  of  the  intervening  calcareo-dolomitio  and  sandy 
series  is  quite  securely  fixed  by  the  presence  of  the  Myophoria  and 
Oatraa  fossil  zones  above,  and  the  Avicula  Tofana  and  Cortinensis^^^^ 
fossil    zones    below,   I    have    always    referred   to  it  in  preTj^JflTTTT; 
papers  as  "Schlem  Dolomite,"  following  the  original  intendbn^of.  ^  r»  . 
von  Bichthofen,  who  applied  this  term  to  any  dolomitic  fstoijes  of'  ^' ^ 
Upper  Triassic  tufaoeous  series  in  the  district.     The  fossilifefe^s^  , 
Upper  Oassian  tuffs  are  present  at  Pec  di  Palu,  south   of  tfie 
Falzarego  road,  and  may  be  followed  over  Yalparola,  Pordsi,  and 
Sella  Pass  to  the  south  of  Langkofl  and  Mahlknecht     Remnants 
of  the  series  occur  at  Cra  di  Mont,  Crap  di  Sella,  Freina  Meadow, 
and  elsewhere  farther  north. 

I  already  showed,  in  1893-4,  that  throughout  Enneberg  and 
Ampezzo  the  horizons  of  Baibl  time  were  thoBe  which  displayed  the 
most  extreme  and  complex  fades  relations.  All  Baibl  zones  pass 
now  at  one  place,  now  at  another,  into  local  massive  developments 
of  Schlem  Dolomite  (e.g.  Lagazuoi,  Diirrenstein,  eta).  The  Upper 
Oassian  zone  also  presents  varying  local  facias  relations  within 
Enneberg  and  Ampezzo,  but  the  Wengen  and  Stuores-Cassian  zones 
underlie  the  dolomitic  deposits  in  Enneberg  and  in  all  parts  of 
Ampezzo  which  I  have  examined.  Thus,  the  identification  of 
successive  palnontological  zones  proves  that  the  tufaoeous  invasions 
overspread  the  floor  of  the  Enneberg  and  Ampezzo  areas  more 
generally  in  the  earlier  periods  of  the  Upper  Trias  epoch  in  South 
Tyrol.  And  the  passage-limit  between  the  tufaoeous  material  arid 
the  ordinary  sediments  was  at  that  time  locally  situated  within 
that  wide  'Buchenstein-Mahlknecht'  series  of  lavas  and  tufis  which 
represents  one  of  the  chief  local  areas  of  contemporaneous  eruptive 
fracture-planes.  These  are  the  heteropic  conditions  which  I  have 
depicted  in  a  series  of  diagrams,  showing  the  successive  stages  in 
the  accumulation  of  deposits,  and  the  intermixture  from  time  to 
time  of  volcanic  material  during  the  Wengen,  Cassian,  and  Baibl 
periods  ("Coral  in  the  Dolomites,"  1894,  Gkol.  Maq.,  PI.  II). 

In  the  second  part  of  the  same  paper  (in  the  Gbol.  Mag.),  Sasso 
Pitschi  (a  small  mountain  that  occurs  in  the  Buchenstein-Mahlknecht 
passage-area  of  fades)  was  selected  as  an  example  of  the  tendency 
displayed  by  later  differential  movements  to  coincide  with  the 
original  passage-areas  between  different  lithological  groups  of  strata, 
whether  these  areas  occurred  in  the  horizontal  extension  of  different 
rock  facies,  as  at  Sasso  Pitschi,  or  in  the  ordinary  geological  sue- 
oession.     My  publication  ^  in  1899  rests  on  the  same  standpoint. 

>  <*  Torsion  -  Stracture  of  the  Dolomites*':  Quart.  Joom.  Geol.  Soc.,  1899. 
Attention  may  be  directed  here  to  a  printer's  slip  that  unfortunately  evaded  me  in 
the  proofs,  and  which  causes  some  confusion :  see  p.  580,  under  *  5/  near  the 
bottom  of  the  page :  ''A  and  C  to  be  moved  counterclockwise,  B  and  D  clockwise,*' 
flhould  read  **  A  and  C  to  be  moved  clockwise,  B  and  D  counterclockwise." 


Digiti 


zed  by  Google 


346    M.  Ogilvie  Oardon^Fauna  of  Upper  Cauian,  South  Tyrol. 

Subordinate  moyemento  have  readily  taken  place  at  the  planes 
where  the  more  rigid  and  the  more  plastio  rock-groups  have  been 
next  one  another.  Thus  local  conditions  have  produced  local 
modification  of  the  more  general  movements  due  to  compression 
and  cross-compression  of  this  district  in  subsequent  epochs  of  Alpine 
upheaval. 

In  addition  to  its  use  in  the  solution  of  the  stratigraphy,  the  value 
of  an  Upper  Cassian  fauna  is  in  the  link  it  adds  to  the  Upper  Trias 
chain  of  faunas  in  South  TyroL  Its  discovery  and  its  identification 
by  me  in  1893  as  a  transitional  Cassian-Baibl  sone  established,  for 
the  first  time  in  South  Tyrol,  a  closely  connected  series  of  palsBonto- 
logical  zones  traceable  through  Wengen-Oassian-Baibl  periods.  The 
Upper  Cassian  zone  has  theroforo  given  important  evidence  of  the 
impracticability  of  placing  a  palasontological  limit  between  Middle 
and  Upper  Alpine  IVias  any  whero  within  that  series.  The  transiticii 
from  Baibl  horizons  to  Dachstein  Dolomite  in  Enneberg  and  Ampesio 
also  takes  place  quite  gradually,  as  evidenced  by  species  of  the  genus 
MegaloduB.  Hence  the  only  subdivision  between  Middle  and  Upper 
Trias  which  seems  natural  in  the  '  Dolomites '  is  between  the  Upper 
Muschelkalk  (Budhenstein  strata  of  some  authors)  and  the  Wengen 
series,  that  is,  at  the  horizon  of  Triassic  time,  when  eruptive  material 
began  to  be  incorporated  with  the  local  sediments  of  that  area. 
(Of.  von  Wohrmann,  *<Die  Baibler  Schichten,"  1893;  Bothplets, 
'<  Querschnitt,*'  1894;  Salomon,  <<  PalsBontographica,"  1895;  von 
Zittel,  ''Zeitschrift,''  1899.) 

A  farther  confirmation  of  the  presence  of  a  transitional  Cassian-Baibl 
fauna  in  the  '  Dolomites '  has  been  given  by  the  fauna  in  the  *  Paehi/* 
eardia  Tu£b '  of  the  Seiser-Alpe.  Oeheimrath  von  Zittel,  who  made 
the  discovery,  during  a  geological  excursion  with  his  students,  that 
these  tuffs  contained  a  large  number  of  Baibl  forms  in  addition  to 
Cassian  forms,  has  since  published  a  short  account  of  the  faunal 
characteristics  of  these  tufaceous  horizons  at  ttie  Seiser-Alpe  (von 
Zittel,  "Zeitschrift,"  1899;  also  Bothpletz,  « Zeitschrift,"  1899). 
The  proliminary  notes  on  the  stratigraphy  given  by  Prof.  Bothplets 
show  that  these  tuffs  at  the  Seiser  Alpe  rest  conformably  upon  strata 
containing  a  Stuores-Cassian  fauna,  so  that  in  this  important  featuro 
their  position  at  the  Seiser-Alpe  agrees  with  that  which  I  determined 
at  Faizarego  Valley  and  other  localities.  The  'Cipit  Limestones^ 
also  occur,  as  blocks  or  irrogular  banks,  at  various  norizons,  in  the 
way  that  I  described  for  other  localities  along  the  Buchenstein- 
Mahlknecht  area  of  eruptive  invasions.  ''  Along  the  hem  of  this 
volcanic  girdle  communities  of  Corals  and  Echinoderms  settled  and 
formed  a  series  of  small  barrier  reefs  (Cipit  Limestones),  frequently 
interrupted  in  their  growth  by  frosh  lavas  "  (aut,  l.c.,  1894). 

But,  compared  with  the  Faizarego  Valley  fauna,  the  *  Pachycardia- 
tuff'  fauna  bears  a  distinct  local  impress.  For  example,  just  as 
I  never  found  Paehycardia  Eaueri  in  the  higher  Baibl  horizons  of 
Faizarego  Valley,  so  I  never  found  Paehycardia  rugo$a,  the  leading 
fossil  of  the  Paehycardia  tuffs,  in  the  Upper  Cassian  zone  of 
Faizarego  Valley.     Both  may  be  there,  as  my  personal  collection 
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'  can  only  represent  a  small  part  of  the  fauna,  bat  they  at  least  oannoi 
be  common. 

A  similar  impression  of  narrow  spacial  limitation  is  given  by  each 
6f  the  looal  developments  of  a  fossiliferoas  Upper  Oassian  zone,  at 
Heilig  Ereaz,  Seeland  Alpe,  Misnrina,  and  Bimmanoo.  This  horizon 
of  Upper  Triassio  time  is  characterized,  therefore,  not  only  by 
marked  differences  in  the  local  lithologioal  fades,  but  also  by 
marked  local  specializations  in  the  aspect  of  contemporaneous  faunas 
inhabiting  neighbouring  seas  and  lagoons.  Many  of  the  fossils  have 
affinity  with  Cassian  or  Baibl  species,  yet  can  neither  be  identified 
with,  nor  clearly  distinguished  from  these.  Hence,  we  may  regard  it 
as  probable  that  those  specialized  Upper  Cassian  faunas  induded, 
amongst  the  species  peculiar  to  themselves,  certain  types  due  to 
strong  adaptation  or  to  retrogression.  And  we  may  learn  from 
the  faunas  of  the  Upper  Cassian  zone,  no  lebs  than  from  those  of 
the  higher  Baibl  zones,  that  there  are  biological  questions  in  South 
Tyrol  which  concern  the  occurrence  of  pelagic  and  of  littoral  faunas- 
as  local  colonies  in  a  neighbourhood  of  very  unequal  depth  and 
subject  to  Yolcanic  interruptions  in  the  form  of  lavas,  tuffs,  and  fine- 
Tolcanic  sand.  These  questions  are  one  with  the  consideration  of 
lithologioal  facies  in  the  same  district 

The  following  table  of  Upper  Trias  strata  in  South  Tyrol  repre- 
sents the  zonal  succession  and  local  occurrence  of  facies  as  described 
in  former  papers  (of.  Obol.  Mao.,  1894  t^l*  II*  and  Q.J.G.S., 
1898,  p.  16). 


FABaA-ScHLBSK, 

south  of  the  Bachenitein- 

Mahlknecht  eraptive 

fractorM. 


Within  Enkbbibo  and  Ampbzzo, 

north  of  the  BuGhenBtem-Mahlknecht  eruptiTe 

frtetares. 


& 


'  PS 

s 

p. 


Baibl 


Schlem  Dolomite, 


Dach  stein  Dolomite. 

(  or  Upper  Raibl  series  (von  Wohrmann),. 

with  Ottraa  and  MeatUodus  beds. 

or  Lower  Baibl  series  (yon  Wohrmann), 

equivalent  to  Upper  Cardita  series  ut 

Schlem    ^       North    Tyrol,    represented  by  "red 

Dolomite    \      Schlem  Plateau  fossiliferous  series"  or 

bj  a  yarying  thickness  of  stratified 

dolomite  in  South  Tyrol. 


witli  Avicula  beds. 
Cassian  series  in  *  Stuores '  development. 
Wengen  series,  with  Halobia  Zotnmeli. 


Upper  Zone  of  Muschelkalk  or  Middle  Trios. 


As,  however,  Baron  von  Wobrmann,  in  his  comparative  work  on 
''The  Baibl  Strata,"  found  the  palaeontological  transition  quite- 
gradual  throughout  the  Cardita  and  Raibl  zones  in  South  Tyrol,  he 
included  the  whole  series  from  the  Halohia  Lommeli  to  the  Ostraa/ 
beds  as  Kaibl  strata  in  wider   sense   (cf.  *' Uebersicbtstabelle  d. 
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Baibler  Sohiohten":  Jahrb.,  1893).  Henoe,  to  oontinae  to  call  the 
'Bed  ScLlern  Plat^eau'  series  'Lower  Baibl'  would  undoubtedly 
cause  confusion.  The  distinction  of  Upper,  Middle,  and  Lower 
Zones  in  a  series  of  'Kaibl  strata'  (usiug  the  term  in  the  now 
wider  sense  given  by  von  Wohrmann),  might  be  locally  possible, 
but  at  the  present  time  it  is  more  important  to  arrive  at  a  dear 
presentation  of  the  complete  series  of  paladontological  zones  in  each 
Alpine  locality.    Thus  in  South  Tyrol  we  have : 

LEADING  FOSSIL-TYPES 
in  the  Wengen-Cassian-Eaibl  series  (*  Roibler-Sch.*  in  wider  sense,  von  Wohrmann). 


All  pass  into  the 

Calcareo  -  dolomitic 

facies  in  South  Tyrol ; 

von  Richthofen's 

^SCHLEUJf   DOLOMITB.' 


^  *ToiiBii*-RAiBL  Zokb:  Ostraa  mantis  eapt-ilis,  Jfeffa- 
iodus  triqueter^  etc.  ^di verse  local  developmests  of 
volcanic  marlsand  sana,  limestone,  gypsum,  dolomite). 

*Bed  Schlbrk  Platbau'  Raibl  Zone:  Faehyeardia 
Mauerif  Myophoria  KefertUiniif  Myophorieardium 
liMotum,  etc.  (diverse  local  developments  of  volcanic 
sand  and  calcareo- dolomitic  facies;  moUuscan  faunas 
contain  almost  exclusively  Raibl  species). 

Uppee  Cassian  or  Transitional  TuppZonb:  Avicula 
StuHt  Tofana,  and  Coi'tinenHSf  Fecten  Landranm, 
etc.  (diverse  local  facies  of  Upper  Cassian  series, 
contfluning  a  mixed  fauna  of  Cassian  and  Raibl 
species). 

Stuorbs-CassianZonb:  Koninckina  Leonhardti,  CttrdUa 
crenatay  Nucitla  $trigUata  (tufuceous,  mariy,  and 
calcareous  series,  containing  almost  exclusively 
Cassian  species). 

Wenobn  Zone  :  Halobia  Zommeli,  MonophyllUe* 
yyengen8\8t  Ti-achyceras  AreheiauSj  Poaidonomym 
Wengensia,  etc. ;  series  of  shales  and  limestones, 
grits,  tuffs,  and  lavas. 

Summary. 

(1)  Conformably  above  strata  containing  the  typical  or  Stuores- 
€as8ian  fauna  as  known  before  my  paper  of  1893,  and  below  any 
palaeontologioally  well-defined  Haibl  horizon,  so  regarded  before 
von  Wohrmann's  paper  of  1893,  I  found  in  Falzarego  Valley  in 
1891  a  series  of  tufaceous  breccias,  shales,  and  quartziferous  sand- 
stones, containing  a  transitional  Cassian-Eaibl  fauna,  and  passing 
upward  into  interstratified  dolomite,  dolomitic  limestone,  and  volcanic 
sand  and  marl,  or  into  a  wholly  dolomitic  group  of  strata.  The 
latter  I  termed  'Sohlern  Dolomite,'  stating  it  to  be  the  time- 
equivalent  in  part,  or  wholly,  of  the  'red  Schlem  Plateau  fossiliferous 
strata'  which  von  Wohrmann  had  in  1892  called  a  Lower  Raibl 
zone  in  South  Tyrol.  Eevised  identifications  of  my  Falzarego 
Valley  material,  carried  out  in  accordance  with  the  recent  specud 
monographs  on  Alpine  Molluscan  faunas  by  Dr.  Bittner,  Dr.  Eittl, 
Dr.  J.  Bohm,  and  others,  have  fully  corroborated  the  palaeontological 
position  which  I  gave  to  the  fauna  in  1893-4  as  a  local  '  tuff'  facies 
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of  part  of  the  Sohlem  Dolomite,  oomprising  a  gradual  transition  from 
a  typioal  Stnores-Cassian  fauna  to  the  '  Travenanzee '  Baibl  fauna  of 
the  Falzarego  distriot 

(2)  The  Wengen  and  Stuores-Cassian  fossiliferous  tufaoeous  series 
are  present  throughout  the  distriot  of  Enneberg  and  Ampezzo  in 
eomplete  zonal  development  These  palsBontologioal  zones  are 
therefore  not,  as  has  been  said,  the  tufaoeous  faoies  of  the  dolomitio 
rook  composing  the  massives  in  these  areas.  On  the  other  hand,  the 
Upper  Cassian  zone  and  the  higher  Baibl  zones  are  developed  in 
varying  degree  mthin  Enneberg  and  Ampezzo  as  looal  faoies  of  local 
dolomitio  sediments.  '  Cipit  Limestones '  (the  true  ooral-reefs  of  the 
distriot)  ooour  both  in  the  tufaoeous  and  in  the  dolomitio  faoies  at 
all  horizons  as  occasional  local  beds  of  comparatively  small  thickness 
(loc.  cit,  Geol.  Maq.,  1894). 

(3)  The  Wengen  and  Stuores-Cassian  tufaoeous  and  calcareous 
series  of  Enneberg  and  Ampezzo  represent  time-equivalents  of  part 
of  the  calcareo-dolomitio  series  south  of  the  Buohenstein-Mahlkneoht 
passage-area  of  facies,  that  area  having  been  one  of  the  chief  localities 
of  contemporaneous  eruptive  fracture-planes. 

(4)  In  many  cases  the  passage-areas  between  faoies  of  different 
lithological  character,  as  well  as  the  passage-bands  between  sub- 
jacent rock-groups  of  different  lithological  character,  have  been  the 
seat  of  subsequent  differential  movement  or  distortion.  So  that  the 
complex  local  developments  of  passage-arecks  and  passage-bands  in 
the  Upper  Trias  of  South  Tyrol  have  induced  many  local  effects  of 
cross  -  movement  which  now  complicate  the  stratigraphy  of  that 
district. 

(5)  The  more  general  movements  associated  with  Cretaceous- 
Tertiary  upheaval  in  the  Eastern  Alps  have  called  forth  an  east- 
west  strike,  which  must  be  regarded  as  fundamental  in  the  district, 
and  also  a  cross-compression  from  east  and  west  or  slightly  oblique 
directions.  The  complex  resultant  system  of  folds,  faults,  and 
overthrusts  has  been  cut  by  subsequent  faults  associated  with  local 
subsidences. 


n. — The   Qeology  of  Bad   Nauheih   and  its   Thermal   Salt- 
Springs. 

By  A.  Vaughan  Jenionos,  F.L.S.,  F.G.S. 

I.  Introduction. 
II.  General  Physiography. 

III.  The  Rock-Formationfl  present. 

IV.  The  Springs,  Borings,  and  '  Salines.* 
V.  The  Geological  Problems  involved. 

I.  Introduction. 

THE  eastern  extremity  of  the  wooded  range  of  the  Taunus,  where 
its  last  spurs  slope  down  to  the  Wetterau  Plain  and  the 
streams  from  its  valleys  give  up  hurrying  and  wander  lazily 
across  the  fertile  flats  towards  the  Main,  has  been  a  spot  rich  in 
interest  since  at  least  pre-Germanio  times.    The  ancient  Kelts,  when 
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overwhelmed  by  their  Germanio  foeSi  left  behind  them>  now  deep  in 
the  detritus  at  the  foot  of  the  Johannisberg,  their  hearths,  chisels, 
and  millstones,  mixed  up  with  shells  and  bones.  In  addition  to  these 
typical  relics  of  the  race,  there  have  also  been  found  special  forms  of 
•earthen  vessels,  used  evidently  for  evaporating  the  waters  of  the 
saline  springs.  The  tribes  described  by  Tacitus  as  being  in 
possession  at  the  end  of  the  first  century  do  not  seem  to  have  been 
similarly  enterprising,  but  it  is  known  the  victorious  Bomans  of 
the  third  century  resorted  thither  for  medicinal  baths. 


fio.  1. — Bad  Nauhbxm.  View  looking  west  In  the  foreground  the  Grosser 
Sprudel  and  Friedrich-Wilhelm's  Quelle  [Borings  7  and  12].  The  Johannisberg 
in  the  distance. 

The  place  was,  in  fact,  a  Boman  sanatorium  sixteen  centuries 
before  the  modem  Teuton  evolved  the  <Eur'  to  music,  or  the 
eomewhat  over-subtle  phonendoscope  whispered  in  the  doctor's  ear 
of  fell  diseases  that  are  at  work  below,  and  perhaps,  occasionally, 
of  some  that  are  not  In  medisBval  times  and  throughout  the  later 
oenturies  its  ancient  reputation  was  sustained  and  increased.  The 
nineteenth  has  seen  the  opening  of  a  system  of  baths  in  1835,  which 
has  so  advanced  in  public  estimation  that  the  number  of  visitors  has 
risen  in  60  years  from  189  to  17,760,  and  of  baths  from  some 
112,000  in  1890  to  over  227,000  in  1897. 

It  is  not,  however,  the  object  of  this  paper  to  give  statistics  or 
to  advertise  a  health  resort  The  above  figures  are  quoted  only  to 
indicate  the  growth  of  the  place  as  a  justification  for  giving  some 
account  of  its  geological  features  in  English.  Several  thousands  of 
the  visitors  annually  are  British,  and  I  have  found  that  there  really 
is  a  small  percentage,  even  of  these,  who  would  be  glad  to  know 
something  of  the  structure  of  the  country  which  produces  the 
waters  they  seek  to  benefit  by. 
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It  is  a  matter  of  great  difficulty  to  obtain  information  on  the  spot, 
as  the  geological  map  and  its  desoription  are  old  and  out  of  print ; 
while  the  excellent  guide,  written  in  1888  bj  Herr  Bergrath  Otto 
Weiss  ^  and  Dr.  Groedel,  contains  in  its  geological  chapter  some 
Tiews  as  to  the  order  of  suocession  of  strata  which  later  research 
has  corrected,  and  is  insufficiently  illustrated  to  give  a  dear  idea  of 
structural  features.  This  is  my  excuse  for  attempting  to  give  some 
sort  of  account  of  the  district,  though  an  imperfect  one.  For  many 
of  the  details  I  am  of  course  indebted  to  the  older  works  mentioned 
at  the  end,  but  on  the  other  hand  a  considerable  part  of  the  following 
notes  are  from  personal  observation,  though  made  only  on  short 
excursions  under  conditions  of  a  necessarily  limited  activity. 


Fio.  2. — Geological  Sketch-map  of  country  around  Bad  Nauheim. 
B.  Blattersandstein.  0.    Orthoceras-schiefer. 

D.  Devonian  series.  Sp.  Spiriferen-sandstein. 

T.  Taunus.quarzit. 

II.    Obmebal  Physioobaphy. 

The  old  village  of  Bad  Nauheim,  and  the  new  town  which  has  grown 
up  beside  it  round  the  springs,  lie  at  the  foot  of  the  Johannisberg. 
The  hill,  rising  858  feet  above  the  sea  and  about  390  feet 
above  the  plain,  is  wooded  at  the  top  and  on  the  northern  slopes ; 

*  Herr  Weiss  has  heen  identified  with  the  history  of  the  locality  from  the  earliest 
days  of  organized  baths,  and  knows  more  than  anyone  else  as  to  the  various  borings. 
He  was  most  courteously  willing  to  give  all  information,  but  unfortunately  his  illness 
prevented  my  profiting  by  his  store  of  knowledge,  except  in  a  few  minutes  interview 
when  I  was  on  the  pomt  of  leaving. 
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vine-olad  on  its  steeper  southern  aspeot,  but  scarred  here  and  there 
by  reddish  rook  patches  where  the  iron^stained  quartzites  of  which 
U  consists  have  been  quarried  for  building  material  or  for  road-metal* 
From  the  summit  there  is  a  drop  on  the  south  and  west  to  the  saddle 
at  Hasselheck,  and  then  a  steady  rise  to  the  Winterstein  and  the- 
general  mass  of  the  Taunus.  Towards  other  points  of  the  compass- 
one  looks  over  a  wide  valley-oountry  with  rich  fields  and  scattered 
villages  and  trees,  so  that  our  hill  of  observation  constitutes  as  it 
were  a  promontory  running  out  from  the  high  ground  into  the  plain* 

On  the  south  the  plain  stretches  away  twenty  miles  to  Frankfurt^ 
merging  into  the  broad  valley  of  the  Main.  The  plain  is  not^ 
however,  a  monotonous  level,  as  in  the  foreground  rises  the  low 
hill  on  which  stands  the  old  town  of  Friedberg,  with  its  picturesque 
turreted  tower  rising  above  the  ancient  fortress.  Northward  th& 
low  country  extends  past  Weisel  and  Butzbach  to  the  blue  distanoe^ 
round  the  Yogelsberg.  To  the  east  the  landscape  is  similarly  varied 
by  the  low  rises  behind  the  railway  and  the  more  distant  Munzenberg 
with  its  double-towered  castle. 

Taking  thus  a  comprehensive  view  of  the  whole  district,  the^ 
geologist  will  note  that  there  are  three  distinct  scenic  elements  to- 
be  considered.  First,  the  Taunus  range  which  stretches  south  and 
west  from  his  point  of  observation ;  secondly,  the  relatively  low 
land  on  the  south,  east,  and  north-east ;  and  lastly,  the  detached  and 
separated  elevations  which  rise  from  the  plain.  To  understand  th& 
meaning  of  these  three  features  it  becomes  necessary  to  examine 
the  rocks  of  which  they  are  composed. 

A  superficial  examination  of  specimens  in  the  immediate  neighbour- 
hood shows  that  the  rook  is  a  white  or  reddish  '  quartzite,'  using 
the  term  in  its  widest  sense ;  more  accurately,  a  series  of  compact 
sandstones  and  grits  which  have  suffered  greater  or  less  alteration. 

There  is  in  many  places  a  well-defined  flaggy  structure,  indicating 
the  sedimentary  character  of  the  formation.  It  has  a  distinctly 
Palsdozoic  aspect,  and  in  many  places  recalls  some  of  the  British. 
Devonian  strata  to  the  mind.  Such  is,  in  fact,  the  age  ascribed  to  it, 
as  it  belongs  to  the  '  Taunus-quarzit,'  which,  though  here  devoid 
of  fossils,  is  now  known,  by  observations  elsewhere,  to  belong  ta 
the  Lower  Devonian  series.^ 

The  dip  of  the  beds  is  here  a  very  steep  one  to  the  south  and  east, 
but  many  variations  will  be  found  in  the  districts  lying  to  the  west 
In  fact,  the  whole  range  is  much  contorted  and  the  strata  doubled 
up  in  sharp  folds,  as  has  been  shown  by  Eoch,  Eayser,  and  others. 

Leaving  for  future  consideration  tbe  question  of  the  presence  of 
other  strata  than  the  'quartzite'  in  this  PalaBOzoio  ridge,  and 
descending  to  the  lower  ground,  one  meets  with  a  marked  change 
in  the  character  of  the  rocks,  though  the  wooded  condition  of  tbe 
ground  and  the  accumulation  of  detritus  and  Post-Tertiary  deposits 
have  to  a  great  extent  obliterated  the  abruptness  of  the  transition. 

'  The  suggestion  of  Gosselet  (Ann.  Soc.  Geol.  Nord,  xvii,  p.  300)  that  the- 
base  of  the  series  is  Archaean  does  not  seem  to  be  accepted  by  English  or  Continental 
geologists. 
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In  the  qaarries  soath  of  Bad  Naabeim  or  round  the  village  of 
Ookstadt  there  Is  a  series  of  sands,  sandstones,  pebble-beds,  and 
loosely  cemented  conglomerates,  which  are  horizontally  stratified 
and  evidently  of  far  later  date  than  the  rocks  of  the  hill.  They  are, 
in  faot.  Tertiary  beds  representing  the  infilling  of  a  great  lake  which 
once  occupied  the  whole  of  the  western  district 

If  one  crosses  the  broad  zone  of  fertile  fields  covering  these  later 
strata,  the  hill  at  Friedberg  shows  another  abrupt  change.  Here, 
though  the  outer  slopes  of  the  hill  are  green  and  gradual,  there  are 
rough  black  crags  under  the  castle  of  distinctly  basaltic  appearance. 
Bound  Schwalheim  and  Wisselsheim  there  are  less  prominent 
exposures,  but  it  is  easy  to  ascertain  that  these  eastern  elevations 
are  of  the  same  lithological  nature. 

III.  The  Book-Fobmations  present. 

It  is  therefore  evident  that  the  three  scenic  features  above  referred 
to  have  a  definite  geological  meaning,  and  that  the  component 
parts  of  the  whole  area  may  be  classed  under  three  corresponding 
headings— 

A.  The  Palaeozoic  Bidge. 

B.  The  Tertiary  Strata. 

G.  The  Igneous  (basaltic)  Series.^ 

Before  proceeding  to  a  study  of  the  position  of  the  salt  springs 
and  borings  it  will  be  well  to  notice  in  somewhat  greater  detail  the 
characteristics  of  these  different  formations. 

A.   The  Falaozic  Bidge. 

As  has  been  already  observed,  the  Palsaozoic  rocks  are  of 
Devonian  age;  a  series  of  fiaggy,  more  or  less  ferruginous,  altered 
sandstones,  grits,  and  'quartzite.'  They  are  evidently  of  sedi- 
mentary origin  and  belong  to  the  * Taunus-quarzit '  group;  over- 
lying the  '  Sericit-schiefer,'  but  stratigraphically  below  the  other 
members  of  the  Devonian  system.  Fossils  are  apparently  absent, 
though  some  obscure  plant  remains  are  said  to  have  been  found  near 
the  Winterstein.  The  strike  is  N.E.-S.W.,  and  the  dip  varies  from 
28^  S.K  to  72^  or  more  in  the  same  direction.  It  is  not  probable 
that  the  student  will  meet  with  any  other  form  of  Palsaozoic  rock  in 
the  neighbourhood,  but  if  he  has  an  opportunity  of  consulting  the 
geologiod  map  he  will  find  certain  other  formations  recorded. 
Thus  the  '  Stringocephalen-kalk '  is  mapped  as  occurring  near 
Hasselheck.  I  have  been  unable  to  find  it  there,  and  in  suggesting 
a  doubt  as  to  its  presence  I  am  glad  to  find  I  have  the  support  of 
Professor  Wittich.  The  '  Orthoceras-schiefer '  are  similarly  marked 
as  cropping  out  by  the  Teich  and  north  of  Nieder  Morlen,  but 
I  have  not  been  able  to  identify  them  in  either   locality.     The 

'  Throughout  this  paper  the  Post-Miocene  deposits  are  left  out  of  consideration. 
There  is  ooubtlees  much  interesting  matter  awaiting  study  in  this  direction,  and 
Herr  Professor  E.  Wittich  (see  list  of  references  at  end)  has  studied  what  he  regards 
as  Pliocene  and  Glacial  beds  in  the  neighbourhood. 
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'Bpiriferen-sandstein '  is  recorded  from  the  borings,  but  has  not  been- 
mapped  as  appearing  at  the  surface  in  the  immediate  neighbourhood^^  ^ 
In  the  oonoluding  section  of  this  paper  the  relationship  of  these^- 
formations  will  be  again  referred  to,  and  a  possible  explanation  of- 
their  position  in  the  borings  suggested.  E^en  if,  however,  ther^- 
have  been  errors  of  observation  in  the  field,  it  is  probable  that  the 
evidence  of  the  borings  may  be  trusted  in  showings  the  existence 
of  these  formations  &low  the  surface.  Comparison  with  other 
districts  would  lead  one  to  expect  them  here,  as  the  usual  succession- 
for  North  Oermany  is  as  follows : — 

:  CA)r  Upper  DevoBk.  {^*J^:S^«t«  }  Ab«.t. 
X  (B)  Middle  Devonian  {  gSS&«= .■oS^-oce«8-«.Uefer.' 
M.Wne.nian{|£^&^)-^— --.. 

B.   The  Tertiary  Strata. 

The  softer,  almost  horizsontally  stratified,  beds  which  form  the 
fertile  fields  of  the  Wetterau  belong,  as  already  stated,  to  Oligocene 
times.  In  the  south-west  the  whole  series  of.  strata  is  well  seen, 
but  at  Bad  Nauheim  itself  it  is  only  the  upper  part  that  is  repre- 
sented at  the  surface.  In  the  quarries  south  of  the  town  and  round 
Ockstadt  this  portion,  however,  is  typically  developed  and  easily 
observed.  In  places  there  are  loosely  compacted  sands,  beautifully 
colour-banded,  and  reminding  one  of  those  at  Alum  Bay.  Other 
beds  consist  of  coarse  quartz-sand  with  some  ferruginous  cement, 
but  infiltrated  with  calcite,  the  shining  cleavage  faces  of  which 
often  extend  over  considerable  areas.  Selenite  and  chalybite  are  also 
commonly  present  In  the  coarser  beds  the  pebbles  of  older  rocks 
are  frequently  coated  with  concentric  pellicles  of  yellow,  brown,  or 
brilliantly  red  iron  oxides,  and  a  remarkable  ferruginous  con- 
glomerate results. 

In  spite  of  their  vaned  character  these  strata  appear  to  belong 
all  to  the  *  Blattersandstein.'  Though  unfossiliferous  here,  they 
contain  at  Miinzenberg  such  mollusoa  as  LitorineUa,  Cyrena,  TTnio, 
Cycl(u,  and  Helix,  as  well  as  leaves  of  plants  such  as  Cassia,  Bosa, 
Acer,  Fieus,  Cinnamomum,  Sapindus,  Amygdalus,  and  Cratagus. 

Below  the  Blattersandstein  comes  the  '  Litorinellen-kalk,*  a 
yellowish  limestone  with  fossils ;  again  partly  of  fresh  and  partly 
of  brackish  water  habit     Succinea,  Pupa,  Helix,  and  Neritina  occur 

^  The  nearest  is  a  little  west  of  Ober  Morlen,  where  it  is  said  to  occur  with  a  dip 
of  40''-60°  S.£.  in  the  same  strike  line  as  the  Oppershofen-Kransbeig  ontcrc^, 
where  characteristic  fossils  occur.  A  patch  of  schiefer,  belicTed  to  be  e^iiiTalent  to 
those  of  Pfaffenwiesbach  containing  Orthoeeras,  is  mapped  as  occurring  immediately 
south  of  the  sandstone. 

*  All  these  strata  are  unfossiliferous  at  Bad  Nauheim,  but  in  the  Koblenz  district 
contain  characteristic  types,  such  as  lUnsseleria,  Mtganterit,  Fmtamerut,  and 
Ctmocrinut.  In  other  parts  there  occur  Stromatopora,  Calamopora,  Fenettella,  and 
Cfumetei  sarcinulata. 
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together  with  C^ena  and  Mytilus,  A  Speoially  interesting  featare;^ 
is  the  oocnrrenoe  at  Bonatadt  of  porous  limestones,  evidently  formed 
by  incrustation  of  Algsd  such  as  Vaucheria  and  Chara,  with  shells 
beating  a  fibrous  overgrowth,  apparently  due  to  incrustation  of 
Chatophora. 

Under  this  lies  the  '  Cerithienkalk/  with  Nerita,  MytiluB,  and 
Litorina  in  association  with  familiar  friends  of  the  Hampshire 
Basin,  such  as  Cerithium  pUcatum,  Lam.,  and  Oytherea  incraBscUa, 
Sow. ;  passing  gradually  below  into  the  '  Cerithiensand  and  Sand- 
stein.'  In  this  case  also  there  are  beds  with  typical  land  or  fresh- 
water shells — Helix,  BulimuB,  Pupa,  and  Planorbis — but  these  occur 
in  narrow  and  unimportant  bands,  while  the  associated  strata  contain 
not  only  the  brackish-water  genera  but  also  such  marine  forms  as 
Pema,  Fusua,  and  Bulla. 

At  the  base  of  the  series  lies  the  '  Cyrenenmergel,'  a  blue  or 
yellow,  clayey  or  sandy  deposit,  in  which  the  proportion  of  marine 
shells  is  still  greater,  and  includes,  in  addition  to  those  above 
mentioned,  Nueula,  Buccinum,  and  Murex. 

C.   The  Igneous  Series. 

The  hills  formed  by  the  third  group  of  rocks  in  the  Nauheim 
neighbourhood  have  been  spoken  of  as  interrupting  the  continuity  of 
the  Tertiary  plain,  but  they  do  not  rise  with  the  striking  abruptness 
of,  for  instance,  the  phonolitic  Hohentwiel  and  neighbouring  basaltic 
hills  in  Southern  Baden.  They  are  low,  rounded  elevations,  except 
at  the  north  end  of  the  Friedberg  outcrop,  evidently  parts  of  lava 
flows  rather  than  denuded  volcanic  necks. 

The  rock  itself  appears  to  be  a  typical  dark  basalt ;  often  compact 
and  without  crystals  distinguishable  by  the  eye,  but  at  times  with 
distinct  clear  green  olivines.  It  is  rarely  slightly  vesicular,^  but 
shows  a  slight  tendency  to  columnar  jointing  in  places.  Weathering 
results  in  the  usual  pale-brown  crust,  and  often  a  rough  spheroidal 
structure  is  revealed  in  the  process. 

Surface  accumulations  seem  everywhere  to  mask  its  actual  contact 
with  the  Tertiary  beds,  but  I  have  been  unable  to  observe  any 
phenomena  of  metamorphism  in  the  latter.  This  at  first  sight  gives 
one  the  impression  that  the  basalts  are  older  than  the  Oligocene 
strata,  but  there  is  evidence  elsewhere  to  show  that  such  is  not  the 
<3ase.  At  Wickstadt,  for  example,  the  Litorinellen-kalk  is  overlaid 
by  basalt 

IV.    The  Spbings,  Borings,  akd  'Salines.' 

Having  thus  obtained  some  insight  into  the  nature  of  the  strata 
of  the  district,  one  is  led  to  consider  what  is  the  relationship  between 
the  character  of  these  rocks  and  the  presence  of  the  thermal  and 
valine  springs  to  which  the  locality  owes  its  fame.  With  this  in 
view  it  will  be  necessary  to  note  in  some  detail  the  position  andii 

^  There  is  a  brownish-grey  scoriaceous  rock,  which  is  used  in  Nanheim  for  kerV  ^ 
etonee,  etc.,  but  which  1  could  net  find  in  «i<6.    Closer  observation  showed  the 
preeoLce  in.  it  of  dear  blue  Hanyn  crystals,  and  it  probably  comes  from  the  well-  . 
Lnewu  quarrid  of  Niedermendijf. 
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depths  of  the  various  borings  and  some  of  their  characteristic 
phenomena.  As,  however,  a  good  deal  of  statistical  information 
is  obtainable  from  the  guidebooks  published  on  the  spot,  an  attempt 
is  here  made  to  direct  attention  only  to  such  facts  as  bear  on  the 
geological  questions  involved. 


Fig.  3.— Groimd-plan  of  Bad  Nauheim  showing  site  of  Old  Town  and  New  Bathsv 
and  Park,  with  Springs  and  Borings. 

The  various  borings  which  have  been  made  during  the  presenfc 
century  in  order  to  obtain  a  larger  supply  than  that  yielded  by  the^ 
small  natural  springs,  have  been  nnmbl^d  from  1  to  12. 

That  known  as  No.  1  (ignoring  an  attempt  made  in  1816)  was 
made  in  1823 ;  it  was  carried  down  18  metres,  and  gave  a  spring. 
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yielding  284,500  litres  a  day,  with  2^  per  cent,  of  salt  and  a 
temperature  of  25^  B.  The  second,  made  in  1824,  was  153  metres 
in  depth ;  it  gave  water  of  similar  composition  at  21^  B.  Nos.  3 
and  4  were  stopped  at  31  and  22  metres  respectively. 

These  four'  were  bored  near  together  in  a  N.E.-S.W.  line  op 
the  south-east  side  of  the  circular  '  platz  *  which  now  occupies  the 
centre  of  the  park.  No.  5  seems  to  have  been  a  little  north- 
west of  these,  and  was  undertaken  in  1838.  At  32  metres  it  gave 
a  supply  of  397  cubic  metres  per  day,  with  3*55  per  cent  of  solid 
matter  and  with  a  temperature  of  26^  B.  The  '  Alte  Eurbrunnen,' 
known  as  No.  6,  was  situated  about  100  yards  further  east,  and  at 
19  metres  produced  a  similar  spring  with  temperature  18^  B. 

The  great  boring  made  in  1839,  No.  7,  going  down  to  a  depth 
of  159  metres,  shares  with  the  last  of  all  (12)  the  responsibility  of 
supplying  the  great  system  of  baths.  It  had  been  carried  down  to 
a  depth  of  159  metres  when,  as  there  was  no  result,  the  works 
were  abandoned.  In  December,  1846,  after  violent  thunderstorms 
and  heavy  rains  lasting  for  some  days,  there  was  a  sudden  rush  of 
water  up  the  deserted  shaft,  and  the  supply  has  never  stopped  since. 
The  water  contains  a  large  quantity  of  carbon  dioxide,  and  solids 
to  the  extent  of  3*5  per  cent.,  with  a  temperature  of  26-29  B. 

Numbers  8  and  9  were  experimental  borings  made  a  short  distance 
to  the  northward  (between  the  '  Waitz '  tower  and  the  Teich) ;  but 
the  temperature  of  the  water  was  much  lower  and  the  general  result 
unsatisfactory. 

The  tenth  attempt,  made  a  mile  south  by  the  third  *  gradirwerk,' 
could  only  be  carried  to  65  metres,  when  it  gave  an  effervescent 
water  with  much  bicarbonate  of  soda.  It  is  much  used  as  a 
medicinal  drinking  water,  and  is  known  as  the  Ludwig's  Quelle 
(Lud  wigsbrunnen ) . 

The  eleventh  was  a  small  boring  29  metres  deep,  which  sub- 
sequently ceased  to  give  any  supply. 

Lastly,  the  twelfth,  now  the  Friedrioh-Wilhelm's  Quelle,  was 
bored  in  1855  to  a  depth  of  180  metres,  with  an  18  cm.  diameter. 
The  water  did  not  rise  spontaneously  at  first,  and  two  hand-pumps 
were  employed.  In  about  half  an  hour  a  column  of  water  charged 
with  carbon  dioxide  rose  suddenly  in  the  boring,  blowing  up  the 
pumping  apparatus  and  rising  16  metres  above  the  ground.  It  was 
found  to  give  1,214  cubic  metres  in  the  24  hours,  with  a  temperature 
of  30°  R  and  4*3  per  cent  of  dissolved  solids.  The  boring  is  situated 
only  4  metres  east  of  No.  7,  and  the  two  together  supply  practically 
the  whole  bath  system.  The  ordinary  thermal  brine  baths  are  derived 
mainly  from  12,  but  there  are  underground  pipes  from  both  sources 
to  supply  the  effervescent  baths,  or  '  sprudel-bader,'  in  the  bath- 
houses 1  and  5. 

>  In  the  pUm  (Fig.  8)  I  liave  nnfortonately  numbered  these  four  from  west  to  east, 
instead  of  in  the  reyerse  order,  as  correctly  shown  in  the  sections  (Fiffs.  4  and  6),  bat 
their  dose  proximity  and  the  fact  that  2  is  the  only  deep  one  renders  the  error  of 
no  importance. 
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Snch  is  a  brief  summary  of  the  history  and  natare  of  the  Nauheim 
borings.  From  the  geologist's  point  of  view  the  features  of  interest 
.Ml  into  two  series :  first,  the  strata  traversed  by  the  borings ;  an^ 
second,  the  temperature  and  contents  of  the  waters  themselves. 

The  former  question  may  be  more  conveniently  dealt  with  in  the 
concluding  section  of  this  paper,  but  it  may  be  noted,  in  passing, 
that  those  borings  which  are  likely  to  give  most  help  in  explaining 
the  subterranean  structure  are  Nos.  1-7,  11,  and  12.  An  almost 
straight  line  can  be  drawn  through  these,  approximately  at  right 
angles  to  the  general  strike  of  the  rocks. 

The  results  of  chemical  analysis  of  the  contents  of  the  different 
springs  are  given  in  many  of  the  books  of  local  and  medical 
information  published  on  the  spot,  and  there  is  no  necessity  to 
investigate  the  numerous  variations  here.  With  a  view  to  geological 
considerations,  however,  it  may  be  well  to  reproduce  the  details  of 
one  typical  analysis,  that  of  the  Friedrich-Wilhelm's  Quelle  (No.  12). 

AxouKT  PBB  1,000  Grammbs  of  Water.  ^ 

Sodium  chloride 29*29 

Lithium  chloride '05 

Potassium  chloride          I'll 

Ammonium  chloride        *07 

Calcium  chloride 2'32 

Magnesium  chloride        -62 

Calcium  sulphate '03 

Strontium  sulphate         '04 

Calcium  carbonate          2*60 

Iron  carbonate     '04 

Silica        -02 

At  the  risk  of  seeming  to  break  the  promise  given  above  to  keep 
entirely  to  such  matters  of  detailed  description  as  bear  on  the 
geology  of  the  district,  I  am  tempted  to  insert  here  a  note  on  the 
process  by  which  the  concentrated  brine,  and  subsequently  the  dry 
salts,  are  obtained.  It  is  distinctly  difiScult  at  first  for  the  enquiring 
visitor  to  understand  the  meaning  of  the  curious  structures  round 
the  town;  and  the  process  is  not  only  interesting  from  the  com- 
mercial, chemical,  and  mechanical  points  of  view,  but  in  some  of 
its  features,  is  very  suggestive  to  the  biologist  and  geologist  as  well. 

About  the  middle  of  the  century  the  old  method  of  simple 
evaporation  in  troughs  was  discarded  and  a  more  elaborate  system 
adopted.  A  short  distance  south  of  the  town  a  number  of  long  tanks 
iEkcross  the  plain  of  the  Usa  were  constructed,  and  above  each  an 
immense  erection  of  heavy  timber  frameworks.  The  interspaces  of 
these  massive  structures  are  entirely  filled  in  with  what  may  in 
general  be  termed  *  brushwood,'  but  which  consists  almost  entirely 
of  close-packed  bushes  of  blackthorn.  Along  the  top  of  each  of 
these  '  gradirwerke,'  as  tbey  are  termed,  runs  a  trough  containing 
the  water  from  the  springs  with  nearly  all  its  lime,  iron,  and  salts ; 
and   this  is  allowed  to   percolate   down  through   the  brushwood 

^  These  are  the  chief  constituents  of  the  dissolved  solids.  There  are  traces  of 
various  other  substances,  but  those  given  here  are  such  as  can  be  recorded  in  the 
second  decimal  place. 
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massM  below.  .  As  the  wat^r  iriokles  ovet  tbd  twigs  the  liihe  and 
•remaining  iron  oxides  are  deposited  as  a  stalagmitio  crust  upon  the 
\yrood ;  bat  the  more  soluble  salts  remain^  and  the  water  which  drips 
into  the  underlying  tank  is  a  more  or  less  concentrated  brine. 

Sach  is  the  principle  of  the  proeess,  but  it  takes  one  a  little  time 
xm  the  spot  to  discover  how  the  mechanical  difficulties  are  OTeroome. 
.The  method  seems  to  be  this*  The  saline  waters  from  the  two  greai 
•'spmdels'  are  directed  into  an  open  trench,  which  empties  Uiem 
into  a  large  round  tank  situated  in  the  fields  south  of  the  town. 
To  raise  this  water  to  the  top  of  the  '  gradirwerke  *  would  appear 
a  difficult  task ;  and  yet,  in  spite  of  the  flat  country,  the  very  smaU 
quantity  of  water  in  the  Usa,  and  the  almost  imperceptible  current, 
it  is  performed  by  means  of  two  water-wheels.  The  three  western 
Vworks'  are  supplied  by  a  large  double  pump  by  the  Lud wig's 
X^nelle.  There  is  not  sufficient  force  of  watw  to  turn  the  wheel 
xlireotly,  but  having  been  once  started  it  is  able  to  pump  up  suffideat 
water  to  resupply  itself  as  well  as  to  pass  on  the  remainder  tip  two 
great  pipes  to  the  top  of  the  framework.  The  eastern  *  works'  are 
similarly  supplied,  but  in  this  case  the  wheel  is  as  far  away  as 
tiie  village  of  Schwalheim  beyond  the  railway  on  the  east  The 
'connecting-rod,'  if  such  it  can  be  called,  between  the  wheel 
and  the  nearest  of  the  Qradirwerke  is  a  long  series  of  hollowed 
tree  trunks  placed  end  to  end.  These  are  supported  at  intervals  on 
the  axles  of  pairs  of  iron  wheels,  which  run  on  rails  laid  on  the 
top  of  low  stone  walls*  The  whole  row  moves  backward  and 
forward  some  eighteen  inches  with  the  turning  of  the  wheel. 
A  mechanical  system  distinctly  cumbrous,  but  as  there  is  no  haste 
necessary  in  the  process  it  is  probably  as  effective  as  any  other  and 
more  economical. 

The  first  of  the  solid  contents  of  the  spring  water  to  separate  are 
the  iron  oxides,  with  which  the  basin  of  the  Qreat  Sprudel  is  coated. 
In  the  trench  leading  off  the  waters  to  the  Qradirwerke  there  is 
a  similar  deposit  of  a  powdery  red  oxide  on  twigs,  leaves,  etc.,  that 
have  fallen  in.  With  the  exception  of  a  few  diatoms  and  filaments 
of  cyanophyoeous  algsa  there  seems  little  life  here.  I  had  expected 
to  find  Zeptothrix  ochracea,  but  was  unsuccessful.  Further  on, 
when  the  lime  begins  to  precipitate,  a  red  porous  < travertine'  is 
produced.  Almost  all  the  remaining  iron  seems  removed  after 
passing  the  tank,  as  the  stalagmite  on  the  brushwood  is  very 
rarely  tinged  with  red. 

At  the  present  time  there  is  little  evident  incrustation  of  the 
brushwood,  owing  to  its  having  been  comparatively  recently 
renewed,'  but  the  lately  removed  material  often  shows  a  crust 
nearly  two  inches  in  thickness,  and  blocks  of  it  are  used  all  over 
the  neighbourhood  as  ornamental  rook  work  for  gardens. 

In  the   western  salines  the  brine,   freed  from  lime  and  iron, 

undergoes  some  evaporation,  and  at  times  very  delicate,  hollow, 

salt  stalactites  are  formed,  as   well  as  imperfect  or  hollow  salt 

crystals   like   the   *  hopper-shaped '   crystals,  seen  by  evaporation 

^  I  understand  that  the  period  of  renewal  is  about  erery  ten  years. 
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of  salt  solution  under  tbe  microsoope.  The  brine  in  the  tank  at 
this  point  is  clear,  and  contains  but  little  life.  A  few  floating 
.patches  of  a  green  alga  {BMzodonium'^)  are,  howcTer,  generally 
present. 

In  the  last  or  most  westerly  tank  the  appearance  is  very  differ^t 
The  water  has  a  stagnant  and  turbid  aspect,  and  is  often  covered  with 
bacterial  scum.  Dense  masses  of  Vauckeria  form  rounded  cushion- 
like growths  at  the  bottom,  and  the  filaments  become  completely 
incrusted  except  at  the  growing  tips.  If  these  had  been  formed 
under  natural  conditions,  and  subsequent  infiltration  by  lime  had 
occurred,  a  formation  would  be  produced  which  can  be  paralleled 
by  the  oblique  limestones  already  referred  to  as  found  at  Bonstadt 
in  the  Northern  Wetterau. 

The  algal  masses  are  crowded  in  the  spring  by  larval  cases  of 
a  dipterous  insect,  some  half  an  inch  long,  and  later  in  the  year  the 
surface  of  the  water  swarms  with  small  black  flies.  As  the  cases 
become  similarly  incrusted  they  would  contribute  to  rock  formation 
and  produce  a  rich  '  indusial '  limestone  deposit  As  the  water  here 
contains  a  high  percentage  of  salts  the  luxuriant  growth  of  these  two 
organisms  is  remarkable;  and  doubtless  microscopic  study,  which 
I  was  unable  to  undertake,  will  reveal  other  forms  of  interest 

v.  Qbologioal  Pboblbhs  imvolvkd. 

Leaving  here  this  brief  description  of  the  distribution  of  the 
various  formations  and  of  the  general  character  of  the  springs 


Fio.  4. — Geological  explanation  of  the  data  fnrnished  by  the  borings  as  giren  by 
Dieffenbach  (Deec.  of  Geol.  Map  of  Hesse,  Darmstadt,  1856). 
B.  Blattersandstein.  L.  litorinellen-kalk. 

T.  Tannos-quarzit.  S.  Spiriferen-sandstein. 

0.  Orthoceras-schiefer.  8.k.  Stringocephalen-kalk. 

and  borings,  we  may  turn,  in  conclusion,  to  some  consideration  of 
the  geological  problems  involved.  The  chief  of  these  may  be 
enumerated  as  follows : — (a)  the  imderground  structure  as  indicated 
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by  the  data  giTon  by  the  borings ;  (hi)  the  extent  and  character 
of  the  ancient  lake ;  (c)  the  reasons  for  the  chemical  and  physical 
characteristics  of  the  springs ;  and  (d)  the  connection  between  the 
ernptive  rooks  and  the  general  phenomena  of  the  district 

In  discassing  these  points  it  is  scarcely  possible  in  any  case  to 
make  dogmatic  statements,  and  the  following  remarks  must  be 
regarded  only  as  a  statement  of  the  case  for  investigation. 

(a)  When  one  examines  the  published  details  of  the  different 
borings  one  cannot  fail  to  be  struck  by  the  wide  differences  which 
exist,  in  so  small  an  area,  between  the  depths  at  which  the 
Palaeozoic  rocks  were  encountered. 


Fio.  5.~Geological  explanation  of  the  data  famished  h/  the  horin^  here  suggested. 
B.  Blattersandstein.  L.  Litormellen-kalk. 

T.  Taunus-qnarzit.  S.  Spiriferen-sandstein. 

0.  Orthoceras-schiefer.  S.k.  Stringocephalen-kalk. 

Although  the  Devonian  rocks  of  the  Johannisberg  are  dipping 
south-east  at  a  high  angle  where  they  disappear  below  the  Tertiary 
beds,  and  are  met  with  at  120  m.  in  boring  4,  yet  they  are  not 
touched  at  all  in  borings  5  and  11.  The  deep  boring  2,  on  the 
other  hand,  while  it  meets  Paleeozoic  rock  at  IdOm.,  does  not 
touch  the  Taunus-quarzit,  but  traverses  some  165  m.  of  '  Orthoceras- 
schiefer'  and  terminates  in  'Spiriferen-sandstein.'  Borings  7  and 
12,  on  the  other  hand,  strike  the  'Stringocephalen-kalk'  immediately 
below  the  Tertiaries,  and  terminate  in  that  formation. 

These  facts  appear  to  show  that  in  the  first  place  the  old  land- 
surface  on  which  the  Tertiary  beds  were  deposited  has  a  distinctly 
irregular  contour,  and  secondly,  that  by  some  agency,  either  folding 
or  faulting,  the  members  of  the  Middle  Devonian  series  are  present 
under  Nauheim  at  no  great  depth,  but  with  very  limited  horizontal 
extension. 

The  explanatory  section  published  in  connection  with  the  old 
geological  map,  a  copy  of  part  of  which  is  given  on  p.  351,  looks 
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.fiuxly  BfttiBfactorj  at  first  sight,  but. on  study  is  found. to xsootaiii 
SQrioqs  difficulties.  The  'Stringocephalen-kdk'  on  the  right  da^ 
liardly  be  accounted  for  without  any  corresponding  mass  on  the 
left;  and  the  theory  requires  that  the  dip  of  the  * Taunus-quarzit ' 
pp  the  east  slope  of  the  Johannisberg  should  be  represented  in  exaetly 
^he  reverse  direction  to  what  is  actually  the  case.  More  serious  stiU 
is  the  difficulty  that  it  places  the  *  Taunus-quarzit '  above  the  other 
members  of  the  Devonian,  whereas  it  really  underlies  all  but  the 
*  Serioit-schiefer.' 

Under  these  circumstances  I  thought  one  might  try  to  mak^ 
a  hypothetical  section  which  would  better  fit  in  with  the  knowvi 
data ;  and  it  seems  to  me  that  some  such  structure  as  is  shown  in 
Fig.  5  would  meet  the  requirements  of  the  oase.  It  is  not  necessarily 
true,  as  there  may  be  considerable  faulting,  but  until  there  is  evidenoe 
of  the  presence  of  faults  it  is  as  well  to  try  to  explain  matters 
without  their  help. 

An  infolding  such  as  this  is  just  what  might  be  expected  from 
the  structure  of  the  Taunus  range  as  a  whole.  The  peculiarities 
of  the  boring  records  are  easily  accounted  for  on  this  supposition, 
and  several  other  isolated  facts  fall  readily  into  plaoe.  Thus,  if  it  is 
true  that  boring  10  in  the  plain  on  the  east  passed  through  *  Sericit* 
schiefer*  and  then  touched  the  *  Taunus-quarzit,'  such  is  what 
might  have  been  expected,  as  is  shown  in  Fig.  5.  Similarly,  the 
reported  outcrop  of  '  Orthoceras-schiefer '  near  the  Teich-haus  is 
by  no  means  impossible ;  while  the  patches  of  the  same  rock  and 
of  '  Spiriferen-sandstein '  mapped  to  the  west  of  Ober  Mdrlen  can 
also  be  accounted  for  as  an  infold  similar  to  that  below  Nauheim. 

(b)  Passing  on  from  the  question  of  these  contorted  Devonians  to 
the  simply  and  conformably  stratified  Tertiary  beds  of  the  Wetterau 
plains,  one  expects  a  simplification  of  the  task  of  explanation. 
Such  there  is  to  a  certain  extent ;  but,  on. the  other  hand,  there  are 
new  questions  of  a  totally  di£ferent  character  which  crop  up  in  the 
endeavour  to  follow  out  the  history  of  the  country. 

While  there  can  be  no  doubt  that  the  area  over  which  these 
deposits  extend  was  in  Middle  Tertiary  times  an  enclosed  lake,  yet 
the  stages  which  preceded  the  isolation  of  this  extent  of  water  are 
not  so  easily  recognizable. 

The  fact  that  niollusca  characteristic  of  brackish  water — such  aa, 
Cyrena,  Cerithium,  and  JJtorinella — are  found  in  beds  as  high  as  the 
Blattersandstein,  is  somewhat  remarkable  in  itself.  When  we  find,, 
moreover,  that  in  the  deeper  layers  there  is  a  much  larger  percentage 
of  such  types,  and  finally  in  the  lowest  strata  we  have  to  deal  witb 
typically  marine  genera,  it  is  evident  that  the  succession  of  beds 
records  a  series  of  great  physiographic  changes.  It  seems  almost 
certain  that  in  Oligocene  times  these  districts  were  covered  by 
sea- waters  from  the.south  ;  and  the  contours  of  Central  and  Northern, 
Europe  suggest  a  similar  communication  with  the  ocean  on  the  north. 

It  seems  probable  that  the  district  was  a  dry  land  area,  while  the. 
Cretaceous  rocks  of  other  parts  of  Grermany  were  being  deposited ; 
that  an  Eocene  or  post-Eocene  subsidence  let  in  the  sea- water  from 
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alQDg  northward  extension  of  the  Mediterranean  reaobing  from  the 
Marseilles  neighbourhood  up  the  Ebdne  and  Khine  valleys,  perhaps 
establishing  oommunicatioh  with  the  North  Sea ;  and  that  the  earth - 
movements  which  subsequently  completed  the  upheaval  of  the 
Alpine  chain  separated  the  northern  gulf  from  the  sea  to  which  it 
bad  formerly  belonged. 

The  process  of  severance  was  doubtless  gradual,  and  allowed  of 
a  transition  period  in  which  the  manne  Murex  and  Penia  were  slowly 
displaced  by  the  brackish- water  CerUhium  and  Cyrena,  In  the 
upper  strata  there  are  narrow  bands  in  which  the  fossils  indicate 
the  prevalence  of  purely  fresh- water  conditions,  but  the  brackish- 
water  types  continued  to  exist  apparently  through  Miocene  times. 

(c)  As  to  the  chemical  and  physical  questions  connected  with  the 
Nauheim  springs,  anything  like  a  complete  discussion  is  beyond  thc^ 
floope  of  tiiis  paper.  Those  who  wish  to  know  how  far  the  con- 
sideration of  the  amount  of  soluble  salts  in  springs,  rivers,  and  seas 
may  lead  them  in  the  discussion  of  the  geological  age  of  our  planet, 
should  read  Professor  Joly's  interesting  paper  in  the  Transactions  of 
the  Boyal  Dublin  Society  for  1899. 

So  far  as  the  local  questions  are  concerned  we  can  only  make 
a  note  or  two  on,  firstly,  the  chemical  contents,  and  secondly,  the 
l^ysical  conditions. 

In  the  first  case  it  is  evident  that  we  are  not  dealing  with 
'special'  types  of  springs— saline,  chalybeate,  or  calcareous — but 
with  a  combination  of  all.  It  would  be  interesting  to  know  the 
sources  of  the  different  contents,  but  it  is  difficult  to  make  anything 
but  the  vaguest  suggestions. 

As  to  the  iron,  it  is  evident  that  a  certain  amount  may  come  from 
denudation  of  the  Devonian  rocks  on  the  west,  and  more  from  the 
breaking  up  of  the  basalts.  The  extraordinary  amount  of  iron 
oxides  in  some  beds  of  the  <£lattersand stein'  suggests  that  they  may 
bave  contributed  large  quantities  to  the  underground  supply  from 
which  the  springs  now  rise,  but  they,  in  turn,  must  have  derived 
it  from  neighbouring  Palaeozoic  or  igneous  rocks  in  Tertiary  times. 

With  respect,  again,  to  the  calcareous  contents,  there  seems  a  much 
larger  proportion  than  the  geological  features  of  the  surrounding 
country  would  lead  one  to  expect.  The  limestone  strata  are  of 
small  extent,  and  anything  contribute<l  by  the  decomposition  of  the  . 
felspars  in  the  basalt  would  be  insignificant.  There  is,  on  the  other 
hand,  a  great  quantity  of  calcareous  matter  in  the  Tertiary  beds^ 
derived  at  that  date,  most  likely,  from  a  greater  distance  and  from 
a  larger  extent  of  since  denuded  limestone  in  the  district.  Much  of 
this  has  been  and  is  still  being  gradually  carried  down  through 
fissures  to  the  subterranean  reservoirs  which  the  borings  have 
'tapped.'  The  lime  was  doubtless  largely  separated  through  the 
agency  of  organisms,  but  in  beds  of  this  character  the  shells  would 
almost  certainly  be  to  a  large  extent  redissolved. 

It  is  possible,  however,  that  we  have  not  here  sufficient  to  account 
for  the  surface  phenomena,  especially  when  we  also  take  into  con-r 
sideration  the  enormous  amount  of  carbon  dioxide  in  the  waters 
of  the  Sprudel.     Probably  there  are  deep-seated  calcareous  strata. 
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beyond  the  reach  of  the  borings,  where  a  high  temperature  prevails 
and  intense  chemical  reaction  is  still  in  progress. 

The  soluble  saline  constituents  again  offer  us  much  the  same 
problem.  The  physiographic  changes  of  Tertiary  times  must  have 
been  slow,  gradual,  and  constantly  varying,  and  the  alternations  of 
marine,  brackish,  and  fresh-water  conditions  probably  resulted  in 
a  large  residue  of  salt  in  the  strata  then  being  deposited.  The 
minerals  present  in  such  formations  as  the  Blattersandstein  certainly 
suggest  this ;  but  whether  or  not  such  a  residue  is  still  present,  a  vast 
amount  has  probably  been  washed  down  into  the  subjacent  rooks. 

If  this  be  considered  insufiSoient  as  a  source  of  the  present  regular 
supply,  one  is  obliged  to  fall  back  again  on  the  supposition  that 
there  exist  below  the  deepest  bonngs  either  great  salt  beds  or 
a  stratum  of  immense  chemical  activity. 

Turning  from  the  question  of  chemical  contents  to  that  of  physical 
conditions,  one  meets  again  with  questions  more  easily  asked  than 
answered.  The  most  obvious  are  the  cause  of  the  high  temperature 
of  the  waters,  and  the  reason  for  their  expulsion.  As  to  the  former 
one  might  suggest  a  very  great  depth  of  origin,  but  we  have  no 
evidence  that  these  springs  rise  from  a  stratum  deep-seated  enough 
to  account  alone  for  their  heat.  Mechanical  pressure,  added  to  such 
strong  chemical  activity  as  may  exist  at  a  relatively  high  level  in 
the  earth's  crust,  even  locally,  might  also  account  for  it  in  part 
In  addition  to  such  conditions,  however,  we  have  to  remember  the 
proximity  of  great  basaltic  masses  which  were  themselves  in  a  state 
of  fusion  at  a  period  not,  geologically  speaking,  so  very  remote. 
As  the  presence  of  thermal  springs  is  so  commonly  correlated  all 
the  world  over  with  the  existence  of  comparatively  recent  volcanic 
action,  it  is  probable  that  we  are  safe  in  here  regarding  the  present 
temperature  of  the  brine-springs  as  residual  from  volcanic  times. 

With  respect  to  the  cause  of  the  expulsive  force  with  which  the 
waters  of  the  two  great  'sprudels'  are  thrown  up,  it  seems  that 
the  German  geologists,  as  a  rule,  are  inclined  to  follow  their  great 
leader  Bunsen,  who  studied  the  district  early  in  the  century  and 
ascribed  the  effects  entirely  to  the  freeing  of  the  carbon  dioxide. 

That  the  sudden  liberation  of  gas,  with  the  diminishing  pressure 
as  the  water  rises  in  the  tube,  must  have  a  very  great  effect  in 
producing  the  violence  of  the  final  escape,  cannot  be  denied ;  but  this 
does  not  necessarily  justify  a  neglect  of  hydraulic  pressure  altogether. 
The  great  drainage  area  of  the  Taunus,  its  large  rainfall,  and  the 
fissures  and  cavities  it  contains  all  seem  to  suggest  the  probability 
of  a  very  efiScient  hydraulic  system  at  work ;  and  the  history  of 
the  Qreat  Sprudel,  where  the  first  outburst  only  occurred  some  years 
after  the  construction  of  the  boring,  as  a  consequence  of  heavy  rains, 
would  appear  to  support  this  view. 

Also,  as  Professor  Cole  has  pointed  out  to  me,  why  neglect 
'residual  pressure'?  Just  as  we  may  attribute  high  temperature 
to  the  survival,  tfi  extremiiy  of  volcanic  conditions,  so  the  tectonic 
*  Alpine '  movements  are  not  to  be  regarded  as  entirely  dead,  but  the 
remaining  strains  and  pressures  in  the  earth's  crust  may  still  be 
factors  in  the  ejection  of  these  heated  waters. 
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(d)  With  regard,  lastly,  to  tbe  agenoy  of  the  basaltio  eruptions, 
tbe  consideratioDs  involved  have  been  already  referred  to,  and  my 
own  observations  have  been  too  limited  to  permit  of  a  definite 
opinion.     A  saperficial  study  of  the  country  would  lead  one  to  the 
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conclusion  that  the  basaltio  masses  had  been  consolidated  before 
the  Oligocene  seas  or  lakes  deposited  sediments  round  their  bases, 
and  that  they  formed  islands  in  the  waters  of  Middle  Tertiary  times. 
There  is,  however,  I  understand,  evidence  elsewhere  for  the 
Miocene  age  ^  of  the  eruptions,  and  of  a  still  later  date  for  part  of 
'  See  note  on  p.  355. 
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those  of  the  Yogelsgebirge.  One  can  only  oonolncle  that  the  patdies 
in  the  immediate  neighbourhood  of  Bad  Nauheim  represent  lava^ 
flows  at  a  considerable  distance  from  the  active  centres,  and  that' 
they  forced  their  way  through  the  sedimentary  rook,  with  oom- 
l|aratively  little  disturbance  or  metamorphism. 
!  The  fact  that  there  are  reappearances  of  basalt  between  Homburg 
amd  Ober  Erlenburg  and  on  towards  Wiesbaden,  suggests  the 
€|sistence  of  a  very  wide  zone  which  may  have  a  far  greater 
siubterranean  extent  than  the  minor  surface  exposures  lead  one 
tp  expect. 

In  conclusion,  I  have  to  express  my  thanks  for  assistance  to 
l^rofessor  Einkelin,  of  Frankfurt;   Professor  ,Brauns,  of  Qiessen ; 

Srofessor  Wittich,  of  Darmstadt;  and  Professor  Denckmann,  of 
erlin ;  to  Herr  Bergrath  Otto  Weiss,  of  Nauheim ;  and  lastly, 
abd  very  gratefully,  to  Herr  Sanitatsrath  Dr.  Ferdinand  Credner, 
\|^ho,  in  the  interests  of  geology,  treated  with  a  generous  leniency 
a  somewhat  disobedient  patient. 

The  works  mentioned  below  cannot,  of  coarse,  be  r^arded  as ; 

'  ai  complete  bibliography.      I  have  only  recorded   such  as  were  | 

brought  to  my  notice  during  a  brief  visit  as  a  starting-point  for , 

t|ie  next  student  who  has  the  good  or  bad  luck  to  find  himself  at ; 

^anheim. 

^'iGeologische  Specialkarte  des  Grossherzogthume  Hessen."  Descrip- 
tions of  (a)  Qiessen  section  by  Dieffenbach,  1856 ;  (b)  Friedberg 
I  (including  Nauheim)  section  by  Ludwig,  1855. 

Bad  Nauheim  :   Guide  by  Merr  Bergrath  Otto  Weiss  &  Dr,  Oroedely 
I  1888.      (This    edition   is  mentioned  here    as    it    contains ' 

j  a  chapter  on  the  geology  of  the  district  more  complete  than  . 

i  that  of  the  ordinary  guides.) 

Kinkelin. — (a)  "  Erlaiiterungen  zu  den  geologischen  Ubersichtskarten 
der  Gegend    zwischen  Taunus  und   Spessart " :    Sencken- 
I  bergischer  Bericht,  Frankfurt,  1889.      (b)  "  Die  Tertiar  u. ' 

j  Diluvialablag.     d.    unteren    Mainthales " :    Abh.    z.    geoL 

I  Specialkarte    von    Preussen,    Bd.    ix.  Heft  4,   1892.      (c) 

j  "  Geol.  Tektonik  d.  Umgebung  v.  Frankfurt "  :   Sencken-  ' 

\         bergische  Naturforsch.  Gesellschaft,  1885. 

^^Utich, — "  Bericht  iiber  die  geologische  Aufhahme  der  Umgegend  ; 
I  von  Bad  Nauheim  "  :  Vereins  fiir  Erdkunde  und  der  Grossh. 

geol.  Landesanstalt  zu  Darmstadt,  Folge  iv,  Heft  19,  1898. 

Ifenekmann. — "  Silur  und  Unterdevon  im  Eellerwalde  " :  Jahrb.  der  ■ 

Jkonigl.  preuss.  geol.  Landesanstalt,  1896. 
^agner. — "  Chronik  von  Bad  Nauheim,"  Nauheim,  1897.  ; 

8p«t«.— "  Geologic  von  Deutschland,"  Bd.  i  (1892). 
ocA.— Jahrb.  Preuss.  G^ol.  Landesanstalt,  Bd.  i  (1881),  Taf.  vi. 
Fig.  1. 
Bunsen.  —  Stud,     der    Gottingischen    Vereins    Bergmannischen 
Freunde,  Bd.  iv.  Heft  3  ('*tJber  de  Nauheimer  Thermal- 
quellen  "). 
Bromeis.  —  Jahresbericht     d.    Wetterauischen    Gesellschaft.  f.    d« 
Naturkund.  ("  Grosse  Soolsprudel  v.  Nauheim  "). 
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Hi. — ^TEBTlAttlr  PdE.\MINIFE6AL  LlMBSTONES   FBOM    SiNAI.' 
By  F&BD9&XCK  CHiPMAN,  A.L.S.,  F.B.M.S. 

\    " .\     .  (PLATES  XIII  Ain)  XIV.) 

,. .   .       .    .  {ConclutUdJrom  the  Jufylftmber^  p.  Z16.) 

NuMHULiTEB,  Lamarok  [1801].  ' 

'Preliminary  remarka  on  the  genns^^-^ThQ  interesting  observations 
on  tbe  dimorphism  of  the  genus  Nmimulites,  which  have  been  mad^  ' 
from*  time- to  time  by  special  investigators,  such  as  Von  Hantken, 
Munier-Chalmas  &  Sohlumberger,  De  la  Harpe,  Buperi;  Jp^es,  and* 
Van  den  Broeck,  have  resnlted  in  the  establishment  of  ooti^rles  of 
so*called  species,  constituting  a  species  in  the  zoological  sense,  in 
which  the  smaller  form,  with  a  large  central  chamber,  is  referred 
to  as  form  A,  whilst  form  &  usually  has  a  larger  test  and  invariably- 
possesses  a  diminutive  central  chamber.     The  two  forms  are  other- 
wise spoken  of  as  the  megalospherio  and  microspheric  forma.     In. 
«ome  cases-  there  may  be  little  doubt  as  to  the  aoouraoy  of  the 
assignment  of  the.  two  forms  to  one  specie$,  especially  since  they 
T^y  be  the  only  examples  present  in  the  rodk.     In  the  case  of ; 
tL  stratum  containing  mpre  than  two  species,  however,  there  may 
be  no  small  difficulty  in  coupling  the  actual  forms  which  constitute 
tlpie  species,  for  there  is  often  little  in  either  the  internal  or  externals 
characters  to  guide  one  in  linking  the  forms.     In  our  present  BtkXa/. 
of  knowledge,  therefore,  it  appearp  to  be  most  convenient  to  describe 
the  forms  under  their  specific  denominations  as  already  known,  at 
the  same  time  pointing  out  their  relationship  to  one  another.     Some 
gpod    suggestions    as  to  the  naming  of   Nummulites   and,  oth^r 
Foraniinifera  which  exhibit  the  two  modes  of  growth  atid  shell 
form  have  lately  been  made  by  Dr.  A.  Silvestri.^ 

.  With  regard  to.  the  older  method  of  grouping  the  Nummulites 
according  to  theii?  superficial  appearance,  and  texture^  this  can  be ; 
at  the  best  only  an  artificial  method  of  arrangement,  for  it  some- ' 
times  happens  that  two  different  forms  constituting  a  zoolo^cal 
species  may  be  found  to  belong  to  two  of  the  separated  so-ballei 
groups;  as,  for  instance,  N,  curvispira,  which  has  been  placed  in  the' 
granulate  group,  and  N,  complanata  or  N.  complanata,  vftr.  Pachoi, 
in   the  group   of  smooth  forms.      Moreover,   it   will   be  seen  by 
refelTing  to  Kupert  Jones'  Catalogue  of  Fossil  Foraminifera  in  the . 
British  Museum,^  that  N.  curvispira  is  an  example  of 'the  granulate 
group  which  does  not  invariably  exhibit  the  characters  ascribed  to  it. 

NummuliteB  planulata  (Ldkuxaxok).  (PI.  XIII,  Fig.  2a.) 
Lenticulitet  planulata^  Lamarck,  1804 :  Annales  du  Mas^um,  vol.  t,  p.  187. 
yumtnuiitea  pUmulata  (d'Orb.),  d'Archiac  &  Haime,  1853;   Descr.  Anim.  groupe 

nummulitique  Inde,  vol.  i,  p.  142,  pi.  ix,  figs.  6a,  6a-c,  7ff-A,  8a-i, 

9a,  b,  lOa-€. 

One  recognizes  this  form  by  the  minute  or  almost  invisible  central 
ohamber,  and  the  flatness  of  the  test.     In  section  it  exhibits  from 

>  Atti  dell'  Accad.  Pont.  Nupvi  Lincei,  Anno  liii  (1900),  pp.  1-10.    See  also 
Van  den  Broeck :  Bull.  Soc.  Beige  G^l.  Pal.  Hydr.,  vol.  x  (1«96),  1899. 
*  Op.  cit.,  pp.  46,  47,  specimens  P  1014  and  P  890. 
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four  to  six  whorls,  which  increase  rapidly  in  breadth  (in  median 
sectioti),  especially  towards  the  last. 

The  specimens  here  dealt  with  are  very  typical  when  compared 
with  d'Archiac*8  figures,  lliose  forms  of  the  same  group  or  type 
recorded  by  De  la  Harpe  from  Egypt  ^  differ  chiefly  in  toeir  umbonate^ 
centre  and  comparatively  sharp  peripheral  edge. 

N,  plantdaia  appears  to  be  distributed  chiefly  through  the  Lower 
and  Middle  Eocene  beds  of  Europe,  but  it  is  oocaaionally  found  with 
a  higher  range.  This  species  has  been  recorded  by  Dr.  Fraas  from 
Egypt. 

Coll.  Geol.  Surv.  Egypt,  No.  4,112,  Box  No.  21.  ?  Bartonian 
(Upper  Eocene)  or  ?  top  of  Mokattam  Series  (Middle  Eocene) :  Jebel 
Abyad,  beach  deposit  (later).    Common. 

NummuUteB  Ouettardi,  d'Archiac  &  Haime,  var.  antiqua,  De  la  Harpe* 

(PI.  XIII,  Fig.  66.) 

Numrmlit$i  Ouettardi,  d*Archiac,  rar.  antiqua,  De  la  Harm,  1883:   Palsonto- 

graphica,  toL  xxx,  Pal.  Thdl,  p.  172,  pi.  xxx  (i),  figs.  37-42. 

The  central  chamber  in  our  specimens  from  8inai  is  fairly  large, 
agreeing  in  this  particular  with  the  typical  examples  of  the  speciea 
figured  by  d'Archiac.'  De  la  Harpe,  however,  states  that  his  speci- 
mens have  a  small  central  chamber,  so  that  it  is  possible  that  we 
have  here  the  two  forms  A  and  B  confused  by  the  above-named 
authors. 

The  variety  aiUiqua  differs  from  the  typical  N.  Oueitardi  in  having 
a  lenticular  and  more  compressed  shell.  The  type  form  was  found 
by  De  la  Harpe  only  in  the  Upper  Eocene  beds  of  Egypt 

The  above  variety  was  found  by  De  la  Harpe  in  rocks  of  the 
Libyan  Series  (liower  Eocene)  of  Nekeb,  east  of  Far&frah,  and  of 
El-Guss-Abu-Said. 

.  Coll.  GeoL  Surv.  Egypt,  No.  8,902,  Box  No.  15/.  Libyan  Series 
(Lower  Eocene) :  Jebel  Erer,  Sinai  (same  range  as  Jebel  Abyad). 
Common. 

NummuUtes  Bamondi,  Defrance.     (PI.  XUI,  Figs.  36,  46.) 

iT.  Bamondi,  Defrance,  1825 :  Diet.  8d.  Nat,  vol.  xxxy,  p.  224.  D'Aichiac  & 
Haime,  1853 :  Descr.  Anim.  groupe  nummnlitique  Inde,  vol.  i,  p.  128, 
pi.  vii,  figs.  IZa-d,  lia,  15a,  16a,  17a,  b. 

This  is  a  small  species,  but  has  no  large  central  chamber.  The 
peripheral  edge  is  sharper  than  that  of  N.  Ouettardiy  and  the  test  is- 
much  thinner. 

N.  Bamondi  is  one  of  the  most  widely  distributed  of  the  nummu- 
lites;  amongst  mauy  localities  it  has  been  found  in  France,  the 
Alps,  the  Pyrenees,  Egypt,  the  Crimea,  and  India.  From  Egypt 
De  la  Harpe  obtained  it  in  the  Lower  Libyan  Series  of  Jebel  T^r. 

Coll.  Geol.  Surv.  Egypt,  Nos.  4,113  and  4,136,  Box  Nos.  4Z  and  3^ 
respectively.      Libyan  Series  (Lower  Eocene)  :  junction  of  Wadi 

1  PalsBontographica,  vol.  xxx  (1883),  Pal.  Theil,  pp.  161-4,  pi.  xxx,  figs.  1-18  ; 
N*  Fraasif  y,  Mutitneyeri,  and  N.  ChavanneH, 

2  Dmct.  Anim.  gronpe  nnmmolitiqne  Inde,  vol.  i  (1853),  p.  130,  pi.  vii,. 
figs.  18a-«,  19a,  b. 
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Baba  and  Wadi  ShellaU  Sinai    Common,    ?  No.  d»598,  Box  No.  \Zl 
Mokattam  Series  (Middle  Eocene)  :  Wadi  Ehadahid.    Bare. 

HumwuliUB  Meberti,  d'Arobiao  &  Haime. 
jt^mnmMJUm  S$h&rti,  d*  Archiao  k  Haime,  1853 :  Descr.  grovpe  muamulitiqiie  Inda, 
Tol.  i«  p.  147,  pL  iz,  igs.  Uo^,  16a.    De  la  Harpe,  1883 :  Palsonto- 
grapMca,  vol.  zxx,  Pal.  Theil,  p.  178,  pi.  tlsX  (ii),  figs.  26,  27. 

This  is  a  very  minute  nummulite,  having  an  umbonate  centre  and 
a  sharp  peripheral  edge.  The  central  chamber  is  almost  invisible. 
The  specimens  from  Sinai  measure  about  2  mm.  in  diameter  and 
"65  mm.  in  thickness.  N.  JETeberti  was  found  by  Schwager  in  both 
the  Libyan  and  Bartonian  Series  of  Egypt  . 

Coll.  Geol.  Surv.  Egypt,  No.  4,112,  Box  No.  2/.  ?  Bartonian 
(Upper  Eocene)  or  ?  top  of  Mokattam  Series  (Middle  Eocene) : 
Jebel  Abyad,  Sinai,  beach  deposit  (later).  Frequent.  Also  No.  3,90^2, 
Box  No.  15^  Libyan  Series  (Lower  Eocene) :  Jebel  Erer  (same 
xaoge  M  Jebel  Abyad),  Sinai.    Bare. 

Nummulite$  vatiolaria  (Lamarck).     (PL  XIII,  Fig.  26.) 
L$nt%cul%t$t  vnriolaria,  Lamarck,  1804 :  Ann.  da  Mna^nm,  toL  t.  p.  187,  No.  2. 
Ifummulat-ia  variolaria  (Lam.J,  Sowerbjr,  1829  :  Mineral  Oonchmogj,  yoL  ti,  p.  76, 

pi.  Dxxxriii,  fig.  8. 
jfkmmuKtfB  variolaria  (Sow.),  d*Arcbiac  &  Haimo,  1858 :   Deter.  A  trim,  groope 

nnrnmnlitiane  Inde,  toI.  i,  p.  146,  pi.  ix,  figs.  13a-^. 
N.  variolaria  (Lam.),  be  la  Harpe,  1883  :  Palsonlograpluca,  toL  zzx,  PaL  Tkeil, 

p.  179,  pi.  zxxi  (ii),  i^,  28-36. 

This  is  one  of  tbe  most  widely  distributed  nummnlites.  It  ooours 
in  Hampshire,  near  Brussels,  Biarritz,  in  Hungary,  Asia  Minor, 
Kurdistan,  etc.  It  is  usually  charaoteristio  of  tbe  Middle  and  Upper 
Eooene.  In  Egypt  it  has  been  found  in  the  Lower  and  Upper 
Booene  (De  la  Harpe). 

It  is  fairly  common  in  the  specimen  from  Sinai,  No.  4,112,  and  is 
associated  with  N,  planulata.  The  characters  by  which  one  recog- 
nizes it  in  section  are  the  lenticular  outline  and  sharp  peripheral 
edges.  In  the  tangential  aspect  the  sections  exhibit  the  regularly 
striated  shell  surface.     Tbe  central  chamber  is  moderately  large. 

Coll.  Geol.  Surv.  Egypt,  No.  4,112,  Box  No.  21.  ?  Bartonian 
Series  (Upper  Eocene)  or  ?  top  of  Mokattam  Series  (Middle  Eocene) : 
beach  deposit,  Jebel  Abyad,  ^nai.     Frequent 

Nwnmuliies  iuhdiscorhina,  De  la  Harpe.     (PI.  XIII,  Fig.  1.) 
Kummulitei  tuhditeorhina,  De  la  Harpe,  1883 :  Palffiontographica,  toI.  zzx.  Pal. 
Theil,  p.  185,  pL  xxxii  (iii),  figs.  8-16. 

This  species  is  not  unlike  N,  QueUardi,  var.  anUgna^  but  differs  in 
the  greater  proportionate  breadth  of  the  test;  it  also  exhibits 
strongly  developed  double  cones  of  tubuli  at  the  umbilical  axis. 
This  species  is  relatively  larger  than  N>  Otiettardi,  var.  atUiqua. 

De  la  Harpe  states  that  N,  subdiicorhina  usually  accompanies  the 
larger  species  N.  discorhinat  but  this  is  not  the  case  with  those  of  the 
Sinaitio  limestones.  The  Egyptian  specimens  were  found  near  Cairo, 
at  Beni  Hassan  and  Minieh. 

Coll.  OeoL  Sorv.  Egypt,  No.  4,111,  Box  No.  IL  Mokattam  Series 
(Middle  Eooene)  :  top  of  Jebel  Abyad,  south  of  Wadi  Qharandel^ 
Sinai.     Abundant. 

DBCADB  IV. — VOL.  VU.— KO.  Vm.  24 


Digiti 


zed  by  Google 


370  F.  Chapman — Tertiary  Foramintfera 

The  group  of  NummviiUM  €Kteken$t$  (ForskU),  Ehrenberg.' 
From  a  zoological  standpoint  the  various  forms  of  nummulites  so 
closely  associated  in  certain  beds  of  the  Mokattam  Series  in  Egypt 
and  neighbouring  areas,  referred  to  under  the  name  of  N.  CHzekeuU 
and  its  varieties,  are  clearly  local  modifications  of  the  more  widely 
distributed  NummuUtes  compZafioia,  Lamarck.  In  consideration  of 
the  practical  use  of  distinctive  terms  for  local  varieties  in  relation  to 
their  stratigraphical  distribution,  it  is  here  proposed  to  retain  the 
grouping  of  this  series  so  minutely  and  carefully  worked  out  by 
Dr.  De  la  Harpe. 

Nummulites  Oizeheneis  (Forsk&l),  Ehrenberg,  var.  JEhrenbergi, 

De  la  Harpe.     (PL  XIV,  Fig,  15.) 

NautiUu  Oyzihefuii,  Fonk&l,  1776:   Descriptiones  Animalium,  p.  140.     1776: 

Icones  remm  naturaliam,  etc. 
Nummulitet  Qytehenm,  Ehrenberff,  1838  :  Abhandl.  Akad.  Wise.  Berlin,  p.  98. 
N.  GjfuhentUt  £hr.,  d'Archiao  &  Haime,  1863 :  Descr.  Anim.  groupe  nummuUtiqQe 

Inde,  vol.  i,  p.  94,  d1.  ii,  figs.  6a-/,  7a,  8. 
if.  Oiuhemis  Ehrmbergi^  Be  la  Harpe,  1883  :   Palsontoffraphica,  toI.  xxx,  PaL 
Theil,  p.  190,  pi.  zxxii,  figs.  16-26 ;  pi.  xxxiii,  figs.  1,  2. 

This  is  the  well-known  form  with  the  thick  disc  and  rounded 
edge.  The  septa  between  each  chamber  are  unusually  thick  and 
inclined. 

This  variety  has  been  chiefly  obtained  from  Egypt,  but  it  has  also 
been  recorded  from  Sinai,  Syria,  Anatolia,  and  Yioentin.  In  Sinai  it 
occurred  at  Wady  Gbarandel  (Bupert  Jones  and  Bauerman).  It  has 
also  been  doubtfully  recorded  from  Biarritz. 

Coll.  Geol.  Surr.  Egypt,  No.  4,163,  Box  No.  51.    Mokattam  Series 
(Middle  Eocene)  :     near  top  of  Jebel  Safariat,  Sinai.      Several 
specimens. 
NummuliteB  Oizehemii  (Forsk&l),  Ehrenberg,  var.  Lydli,  d'Arohiac  i 

Haime.     (PL  XIV,  Fig.  14.) 
Nummulita  LyeUi  (pars),  d'Archiac  &  Haime,  1863 :  Desor.  Anim.  groupe  niimma^ 
litique  Inde,  vol.  i,  p.  96,  pi.  ill,  figs,  la,  6,  2.    Fraas,  1867 :  Aus  dem 
Orient,  p.  129. 
N.  Oiuhifuis  LyeUi,  d'Archiac,  De  la  Harpe,  1883 :   Palseontographioa,  toL  xxx. 
Pal.  Theil,  p.  192,  pi.  xxxiii  (iv),  figs.  3-10. 

This  is  a  large  variety,  and  perhaps  approaches  the  type  N.  com- 
planata  most  closely.  It  is  rather  regular  in  outward  form,  and  has 
the  peripheral  edge  fairly  sharp  and  thin.  The  septa,  seen  in 
section,  run  nearly  straight  across  from  whorl  to  whorl,  especially 
in  the  later  turns  of  the  shell,  instead  of  being  arcuate  and  inclined, 
as  in  the  variety  previously  mentioned.  The  chambers  are  irregularly 
spaced.  The  specimens  from  Sinai  measure  as  much  as  38  mm.  in 
diameter  and  about  6  mm.  in  thickness. 

iV.  Oizehen$i8,  var.  Zyelli,  has  been  recorded  from  Egypt,  near 
Cairo ;  and  from  Syria,  in  the  white  limestone  of  G^rizhem. 

Coll.  Oeol.  Surv.  Egypt,  No.  4,163,  Box  No.  51.    Mokattam  Series 

(Middle  Eocene) :  near  top  of  Jebel  Safifitriat,  Sinai.     Very  common. 

Nummulites  Oizehensis  (Forsk&l),  Ehrenberg,  var.  Fachoit  De  la  Harpe. 

Nummulites  Oizehensis  Pachoi,  De  la  Harpe,  1883:   PaUdontographica,  voL  xxx. 

Pal.  Theil,  p.  193,  pi.  xxxiii  (iv),  figs.  14-18;  pi.  xxxiv  (v),  figs.  1-6. 
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This  Tariety  is  large,  or  moderately  large  compared  with  others 
of  the  same  type ;  discoid,  compressed,  and  with  rounded,  blunt,  or 
sharp  edges.    The  cross  section  shows  the  sides  to  be  parallel. 

De  la  Harpe  has  recorded  this  variety  from  the  Pyramids  of 
Gizeh,  in  the  Wadi  Emsid-el-FMs,  between  M^r  and  Farafrah,  on  the 
Garet-el-Dalleh,  and  near  Kajan,  between  the  Faj^m  and  Beharieh. 

Coll.  Geol.  Surv.  Egypt,  No.  4,111,  Box  No.  1/.  Mokattam 
Series  (Middle  Eocene) :  top  of  Jebel  Abyad,  south  of  Wadi 
Gharandel,  Sinai.  Frequent  No.  4,163,  Box  No.  51,  Mokattam 
Series  (Middle  Eocene) :  near  top  of  Jebel  Safariat,  Sinai.  Frequent 
Also  No.  8,598,  Box  No.  132.  Mokattam  Series  (Middle  Eocene) : 
Wadi  Ehaddhid,  Sinai.    Frequent 

Nwnmuiites  cunnspira,  Savi  &  Meneghini.     (PI.  XIII,  Fig.  5.) 
Nummulina  eurvispira,  SaTi  &  Meneffhini,  1851 :  ConsicL  Geol.  Tosoana,  p.  137. 
NummuliUi  ourvupira  (Menegh.),  d^chiac  &  Haime,  1853 :  Desor.  Anim.  gronpe 
nummulitique  Inde,  p.  127,  pi.  yI,  figs.  I6a-^.    Fraas,  1867  :  Aus  dem 
Orient,  p.  130.    De  la  Harpe,  1883 :  Palaoontographica,  toI.  zzx.  Pal. 
Theil,  p.  200,  pi.  xxxiT  (v),  figs.  42-67. 

This  nummulite,  altiiough  very  variable,  is  generally  of  a  flattened 
lenticular  shape,  with  rounded  peripheral  edge,  sometimes  more  or 
less  sharp.  In  the  latter  feature  it  approaches  N.  BouatUti,  d'ArcL 
and  Hainie.  Clean  fresh  specimens  often  show  the  flexuose  striation 
which  is  characteristic  of  N.  Oizehensti.  The  surface  of  specimens 
slightly  weathered  is  radially  or  sinuously  striate,  with  granulations 
sparsely  scattered  between  them.  The  central  chamber  is  usually 
very  large,  and  is  followed  by  a  semilunar  segment.  The  whorls 
are  somewhat  irregular,  and  there  are  usually  six  turns  on  a  radius 
of  3  mm.    The  chambers  are  elongate  and  greatly  curved. 

N,  eurvispira  has  already  b^n  recorded  from  Sinai  (Wadi 
Gharandel)  by  Hupert  Jones.  It  is  commonly  found  at  most  of  the 
localities  in  Egypt  in  the  Mokattam  Series,  at  Mokattam,  Oizeh, 
Minieh,  Beni  Hassan,  and  the  Libyan  Desert 

Coll.  Geol.  Surv.  Egypt,  No.  4,111,  Box  No.  11  Mokattam  Series 
(Middle  Eocene) :  top  of  Jebel  Abyad,  south  of  Wadi  Gharandel, 
Sinai.  Frequent  No.  3,598,  Box  No.  ISl.  Mokattam  Series  (Middle 
Eocene)  :  Wadi  Khaddhid,  Sinai.    Very  common. 

Nummulite$  Barroni,  sp.  nov.     (PI.  XIV,  Figs.  16a,  b,  e.) 

Test  lenticular,  swollen  in  the  centre,  hollowed  near  the  periphery, 
^ge  quite  sharp.  Surface  striate  and  sometimes  feebly  granulate. 
Average  diameter,  5  mm. ;  thickness  at  the  centre,  2  mm. ;  shell 
with  from  4  to  5  whorls;  4  turns  in  a  radius  of  2mm.  Septa 
strongly  arched.  Central  chamber  subspherical  and  very  large,  one 
measuring  '75  mm. 

This  species  recalls  N.  Bouaulti  by  its  general  shape,  but  the 
«dge  is  much  sharper,  and  the  thickness  at  the  centre  is  greater  in 
relative  proportion  to  size. 

The  three  species  JV.  eurm'^ptVa,  N,  Bauaultif  and  N.  Barroni  are 
probably  related,  and  represent  a  group  of  the  megalospherio  type 
which  has  a  dimorphic  relationship  with  N.  Oizehensis  and  its 
varieties. 
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This  species  is  named  after  Mr.  T.  Barron,  F.G.S.,  who  oolled;ed 
tte  specimens  during  his  work  in  Sinai,  January  to  June,  1899. 

Coll.  Qeol.  Surr.  Egypt,  No.  8,698,  Box  No.  18/.  Mokattatt 
Series  (Middle  Eocene) :  Wadi  Khad4hid,  Sinai.    Common. 

Obbitoides,  d'Orbigny  [1847], 

OMioidei  (Diseoey^ina)  diipan$a  (Sowerby ) .    (PI.  XIII,  Figs.  6c,  7e.> 

£p99phr%9  dupamut,  Sowerby,  1887  [1840]  :  Trans.  Geol.  Soc.  Loud.,  Ber.  ii,  toL  ▼, 

pp.  327,  718,  pi.  xxiT,  figs.  16,  16a,  b, 
Orhitaidst  dttabida,  Schwaffer,  1883 :  Paloontographica,  toI.  zxx.  Pal.  Tlieil,  p.  140^ 

pi.  xxix,  figs.  7a-#. 

Schwager  records  this  species  under  the  name  of  0.  dilabtda  from 
botli  the  Libyan  and  the  Mokattam  Series  of  Egypt;  Dr.  Carter 
found  it  in  Scinde,  Eutch,  and  Arabia. 

Nearly  a)l  our  Sinaitic  examples  are  slightly  abraded,  as  if  rolled 
by  current  agency,  and  in  one  of  the  specimens,  No.  4,112,  of  later 
%s,  they  are  quite  fragmentary. 

Coll.  Geol.  Surv.  Egypt,  No.  4,111,  Box  No.  IL  Mokattam  Series 
(Middle  Eocene)  :  top  of  Jebel  Abyad,  south  of  Wadi  Qharandel, 
Mnai.  Fi«quent.  No.  4,112,  Box  No.  22.  (Derived)  ?  Bartoniaa 
Series  (Upper  Eocene)  or  ?  top  of  Mokattam  Series  (Middle  Eocene) : 
beach  deposit,  Jebel  Ab^ad,  Sinai.  Rare,  broken.  No.  8,902,  Bok 
No.  l&L  Libyan  Senes  (Lower  Eocene)  :  Jebel  Krer,  Sinai. 
Oommon. 

Orhiioides  (Discocycltna)  papyracea  (Boub6e). 

HTummulitet  papyraeea^  Boub^,  1832 :  Bull.  Soc.  g^^ol.  France,  ser.  u,  p.  445. 
Orhiioidst  {Diteoeyelina)  papyraeea  (Boub^),  Gumbel,  1868  [1870]  :  Abhandl.  M. 

ph.  Gl.  k.  bayer.  Ak.  Wiss.,  vol.  x,  p.  690,  pi.  iii,  figs.  3-12,  19-39. 
0.  piipyraeta  (Boab6e),  Schwager,  1883 :  Palssonto^phica,  vol.  xxx.  Pal.  Theil, 

p.  139. 
0.  nudimarffo,  Schwager,  1883 :  op.  dt.,  p.  139,  pi.  xxix,  figs.  8a-#. 

The  specimens  in  the  Sinaitic  limestones  show  every  deviatioo 
between  the  forms  figured  by  Schwager  as  0,  nudimargo  and 
ordinary  specimens  of  0.  papyracea,  which  sometimes  have  a  slightly 
thicker  test  Our  examples  are  seen  in  section  and  are  generally 
more  or  less  fragmentary. 

0.  papyracea  has  been  found  in  both  the  Libyan  and  Mokattam 
Series  in  Egypt 

Coll.  Qeol.  Surv.  Egypt,  No.  4,111,  Box  No.  II.  Mokattam  Series^ 
j[Middle  Eocene)  :  top  of  Jebel  Abyad,  south  of  Wadi  Gharandel* 
Sinai.  Frequent.  No.  3,902,  Box  No.  15/.  Libyan  Series  (Lower 
Eocene) :  Jebel  Erer,  Sinai.    Bare. 

Orhitoides  (Discocydina)  ephippium  (Schlotheim). 

JimHeuUUt  tphippium,  Schlotheim,  1820 :  Die  Petrefactenkande.jp.  89. 
OrhiUridsi  {Liscocyelina)  ephippium  (Schlotheim),  Giimbel,  1868  [1870]:  Abhandl. 

m.  ph.  CI.  k.  bayer.  Ak.  Wiss.,  vol.  x,  p.  696,  pi.  iii,  figs.  16, 16  38,  89. 
0rhit9id«9  ephippium  (Schlotheim),  Schwager,  1883  :   Palfeontoirraphica,  yd.  xxx» 

Pal.  Theil,  p.  139. 

A  few  characteristic  examples  of  the  above  species  occur  in  our 
sections.  It  was  recorded  by  Schwager  from  the  Mokattam  Series 
of  Egypt 
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Coll.  Oeol.  Surv.  Egypt,  No.  4,111,  Box  No.  IL  Mokattam  Saties 
(Middle  Eocene) :  top  of  Jebel  Abyad,  south  of  Wadi  Oharandel, 
oinai.    Rare,  somewhat  fragmentary. 

SPECIES  DESCRIBED  IN  THIS  PAPEE. 

1.  Miliolina  eireukiris  (Bornemann).    Libyan  Series :  Jebel  Erer. 

2.  Aheolina  Boteii  (Defranoe).    Libyan  Series :  Jebel  Erer. 

3.  A,  deeipieru,  Schwager.    Libjran  Series :  Jebel  Erer. 

4.  Textularia  aoalutinant,  d'Orbigny.   Libyan  Series :  jimetion  of  Wadi  Baba  9mA 

WadlShelMd. 
.  6,  Bigmerina  nodotaria?^  d*Orb.    Libyan  Series:  Jebel  Erer. 

6.  Bolivina punctata?^  ^^Oxb»    Mokattam  Series :  Jebel  Abyad. 

7.  Olobigerina  bulloidet,  d*Orb.  Bartonian  or  top  of  Mokattam  Series :  Jebel  Abyad. 
3.  O.  eonglobata^  Brady.    Mokattam  Series :  Jebel  Abyad. 

9.  G,  cr^acea?,  d'Orb.     Mokattam  Series:  Jebel  Abyad.    Also  Libyan  Serial: 

Jebel  Erer. 
to.  IHteorbina  rugosa  (d'Orb.).    Mokattam  Series:  Jebel  Abyad. 

11.  i>.  globularis  (d*Orb.).    Mokattam  Seriee:  Jebel  Abyad. 

12.  Truneatulina  umbonifera  (Sohwa^).    Mokattam  Series :  Wadi  Ebad&Md. 

13.  Botab'a  ealeariformU  (Schwa^).    Mokattam  Series :  Jebel  Abyad. 

14.  Opereuiina  eomplanata  (Defranoe),  Tar.  oanaUf$ra,  d'Arcbiao.    Libyan  Berks : 

junction  of  Wadi  Baba  and  Wadi  Shell&l ;  Jebel  Erer. 

15.  0,  eomplanata,  rar.  diseoidea,  Scbwager.     ?  Bartonian  or  top  of  Mokatlani 

Series :  Jebel  Abyad. 

16.  H€tero»tegina  depretta,  d^Orb.    Libyan  Series :  Jebel  Erer. 

17.  NummuUUt  planulata  (Lamarck).     ?  Bartonian  or  top  of  Mokattam  Series: 

Jebel  Abyad. 

18.  JV.  Guettardi,  (TArcb.  &  Haime,  Tar.  antiqua,  De  la  Harpe.    Libyan  Series: 

Jebel  Erer. 

19.  y,  Samondi,  Defranoe.     Libyan  S^ee  :   jonction  of  Wa<fi  Baba  and  Wadi 

Shellia. 

20.  If,  Eehertij  d' Arcb.  &  Haime.    f  Bartonian  or  top  of  Mokattam  Seriee :  Jebel 

Abyad.    Also  Libyan  Series :  Jebel  Erer. 
2\.  N,  wriolaria  (Lamarck).    P  Bartonian  or  top  of  Mokattam  Series :  Jebel  Abyad. 

22.  N.  wbditeorbinay  De  la  Harpe.    Mokattam  Series :  Jebel  Abyad. 

23.  N.  Giuhimit  (Forskil),  yar.  Bhrmbtrgi,  De  la  Harpe.     Mokattam  Series: 

Jebel  Safariat. 

24.  y,  GizeAmtis,  yar.  Zyelli,  d*Arcb.  ft  Haime.    Mokattam  Series :  Jebel  Safariat. 

25.  JV.  Gizeh^ruit,  yar.  Pachoi,  De  la  Harpe.     Mokattam  Seriee :   Jebel  Abyad ; 

Jebel  Safariat ;  Wadi  Ebad&bid. 

26.  N,  eurvispiraf  Sari  &  Menegbim.      Mokattam  Series :  Jebel  Abyad ;    Wadi 

Ehad&hid. 

27.  JV.  Barroni,  sp.  noy.    Mokattam  Series :  Wadi  Ebadfrhid. 

28.  Orbitoides  diipanta  (Sow.).     ?  Bartonian  or  Mokattam  Series:  Jebel  Abyad. 

Libyan  Series :  Jebel  Erer. 

29.  0rbit9ides  papyracea  (Boub^).     Mokattam  Series  :    Jebel  Abyad.     Libyan 

Series :  Jebel  Krer. 

30.  0,  ephippium  (Scblotheim).    Mokattam  Series:  Jebel  Abyad. 

EXPLANATION  OP  PLATE  XIU. 
Fio.  \.-^Nummulit$t  tubdi$eorbinaf  De  la  Haipe.    Mokattam  Series:  in  nnmma* 
litic  limestone  top  of  Jebel  Abyad,  Binai.    No.  4,111.     x  16. 

Fro.  2a,^Nu^Hte.  planulata  (Lam.).  (  L^S^-HL^lTel^^reberrby^ 


'^'  \  ton 
(  Sin 


Fia.2b.—ir.variolaria(ljim.).  (  Sinai.    No.  4,112.     x'l2. 

Fios.  3a,  4a. — Opereuiina  eomplanata  (Defr.),  yar.  eanaUfira,  d*Arcbiac. ) 

Fios.  Zb,  ib. — Nummulitet  Ramondi,  Defruice.  / 

Libyan  Series:  in  dolomitized  foraminiferal  limestone,  junction  of  Wadi 
Baba  and  Wadi  Shell&l,  Sinai.    Nos.  4,135  and  4,113.     x  16. 

Fio.  5. — Nummulitet  eurvispira.  Sari  &  Menegbini.     Wadi  Ehad&hid,  Sina(. 
No.  3,598.      X  4|. 
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Fios.  6,  7.— Libyan  Series :  foraminiferal  limesione,  Jebel  Erer,  Sinai.  No.  3,902. 
6a J  AUfeclina  Boteii  (Defrance) ;  63,  Nummulite$  GuettMrdi,  d'Aich. 
and  Haime,  Tar.  antiquaf  De  la  Harpe ;  6c,  7^,  OrbiUddet  ditpanta  (Sow.U 
7a,  HtUrotttgina  depr$s9a,  d*Orb.;  7b,  Bigenerina^  nodosaria,  d*Oro. 
X  16. 

EXPLANATION  OP  PLATE  XIV. 

Fio.  1. — Miliolina  eircularis  (Bomemann).     Transrene  section.    Libyan  Series : 

Jebel  Krer,  Sinai.    No.  3,902.     x  30. 
Fio.  2. — AlveoHna  deeipUM,  Scbwager.    TransTerse  section.    Libyan  Series :  Jebel 

Erer,  Sinai.    No.  3,902.     x  16. 
Fio.  3. — Textularia  aggUUinant,  d'Orb.     Longitudinal  section.     Libyan  Series: 

junction  of  Wadi  Baba  and  Wadi  Shell&l,  Sinai.    No.  4,113.     x  16.      * 
Fio.  4. — Bolivma punctata?,  d*Orb.    LonntudJnal,  peripheral  section.    Hokattam 

Series:  Jebel  Abyad,  Sinai.    No.  4,111.     x  30. 
Fio.  6,^Globiffenna  bulloides,  d'Orb.    Section  of  test.    Mokattam  Series:  Jebel 

Abyad,  Sinai.    No.  4,111.     x  30. 
Fio.  6. — Globigerina  conglobata,  Brady.    Section  of  test.    Mokattam  Seriea;  Jebel 

Abyad,  Sinai.    No.  4,111.     x  30. 
Fio.  7.-6'.  cretacea?,  d*Orb.    Section  of  test.    Mokattam  Series  :  Jebel  Abya^ 

Sinai.    No.  4,111.     x  30. 
Fio.  S.-^JHtcorbina  globularis  (d'Orb.).    Section  of  test.    Mokattam  Series :  Jebel 

Abyad,  Sinai.    No.  4,111.     x  30. 
Fio.  9.-2).  rugota  (d'Orb.).     Section  of  test.     Mokattam  Series:  Jebel  Abyad, 

Sinai.    No.  4,111.     x  30. 
Fiofl.  10a,  b,— Tnmcattaina  umbonifera  (Scbwager).     Mokattam  Series:   Wadi 

Ehad&hid,  Sinai.    No.  3,698.     x  30. 
Fio.  11. — Eotalia  calcariformit  (Scbwager).    Section  of  test.     Mokattam  Series: 

Jebel  Abyad,  Sinai.    No.  4,111.     x  16. 
Fio.  12. — OpereuUna  eomplanata  (Befhince),  yar.  eanalifera,  d'Arcbiac.     Libyaa 

Series:  junction  of  Wadi  Baba  and  Wadi  Shell&l,  Sinai.    No.  4,135. 

X  3. 
Fio.  18.  —  0.  eomplanata    (Defr.),  rar.  diseoidsa,    Scbwager.      P  Bartonian   or 

?  Mokattam  Series:  Jebel  Abyad,  Sinai.    No.  4,112.     x  3. 
Fio.  H.-^yimmuHtei  GizehcnM  (ForBk&l),  yar.  ZyeUi,  d'Arcbiac  &  Haime.  Sectioii 

on  the  fifth  and  sixth  whorls.    Mokattam  Series :  Jebel  Saf aiiat,  SinaK 

No.  4,163.     X  16. 
FiQ.  16. — Nummulitet  Gizehcnsis  (Forsk&l),  yar.  Ehrenbergi,  De  la  Harpe.    Section 

on  the  eleyenth  and  twelfth  whcnrls.    Mokattam  Series :  Jebel  Safariat, 

Sinai.    No.  4,163.     x  16. 
Fioa.  16a,  b,  e. — Nummulittt  Barroni,  sp.  noy.     16a,  superficial  aspect  of  test ; 

163,  edge  riew ;   \6e,  mediui  section.    Mokattam  Series :  Wadi  Kha- 

d&hid,  Sinai.    No.  3,698.     x  2. 


2TOTIOES    O^    3^S3^0II^S. 


The  Husbtjms  Assooiation  :  Elsybkth  Annual  Hbbtinq, 
Cantbbbubt,  July  9-12,  1900.  President,  Henry  Woodward^ 
LL.D.,  F.B.S.,  F.G.S.,  V.P.Z.S,  P.Pal.Soo.,  of  the  British 
Museum  (Natural  History)  ;  Treasurer,  Alderman  W.  H. 
Brittain,  J.P.,  F.RG.S.  (Museum,  Sheffield) ;  General  Secretary, 
E.  Howarth,  F.K.A.S.,  F.Z.S.  (Museum,  Sheffield). 

THIS  useful  and  deservedly  suocessful  Assooiation— supported  by 
the  presence  of  the  Bight  Bev.  the  Bishop  of  Dover;  the 
Very  Bev.  the  Dean  of  Canterbury;  the  Bev.  Canon  Boutledge; 
the  Worshipful  the  Mayors  of  Canterbury  and  of  Dover;  the 
Deputy  -  Mayor,  Mr.  Alderman  Mason,  J. P.;  by  F.  Bennett- 
€k)ldney,  Esq.  (Hon.  Curator  of  the  Boyal  Museum,  Canterbury) ; 
Mr.    Sebastian    Evans,    M.A.,    LL.D. ;    Mr.    Stephen    Horsley, 
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Sheriff;   Mr.  Henry  Fielding,  Town  Clerk;   and  fifty  Delegates, 
and  ABsooiates  from  various  Museums  throughout  the  country — 
opened  its  public  proceedings  on  Tuesday  morning  at  10  a.m. 
with  an    address    of   welcome    by  His    Worship   the  Mayor  of 
Canterbury,  Alderman  Geo.  J.  CoUard,  J.P. 

Alderman  W.  H.  Brittain — in  the  absence  of  the  outgoing 
President  of  the  Association — then  proposed  the  election  of 
Dr.  Henry  Woodward,  F.R.S.,  of  the  Natural  History  Branch  of  the 
British  Museum,  as  President  for  1900-1901,  and  paid  an  earnest 
tribute  to  that  gentleman's  work  in  connection  with  Museums. 

The  election  having  been  carried  unanimously, 

Dr.  Woodward  rose  to  return  his  thanks  and  proceeded  to  read 
his  Presidential  address. 

It  was,  he  said,  a  happy  omen — he  had  almost  said  inspiration — 
which  led  the  founders  of  that  Association  to  invite  its  organizing 
Committee,  twelve  years  ago,  to  meet  in  the  ancient  Hboracum,  the 
city  of ''  the  White  Boseof  York,"  once  the  capit^d  of  Eoman  Britain, 
which,  blazoned  down  the  long  roll  of  history  for  eighteen  hundred 
years,  still  firmly  stood  its  ground,  like  some  ancient  warrior,  all 
scarred  and  weather-beaten  by  time,  by  wars,  and  by  revolutions, 
a  landmark  in  our  history  and  a  light  to  science.  Such  was  the 
fair  arcbiepiscopal  city  of  York,  the  birthplace  of  the  Museums 
Association,  which  in  1831  gave  origin  to  the  great  British  Association 
for  the  Advancement  of  Science,  and  «till  earlier  (1822)  founded 
the  Yorkshire  Philosophical  Society.  After  visiting  Liverpool, 
Cambridge,  Manchester,  London,  Dublin,  Newcastle,  Glasgow, 
Oxford,  Sheffield,  and  Brighton,  the  members  of  the  Museums 
Association  had  set  out  this  year  upon  a  pilgrimage  to  Canterbury, 
the  Mother-City  of  the  English  people — the  **  Oant-wara-byrig," 
the  capital  city  of  the  "  Cant,"  the  **  Angul,"  or  comer  of  Britain 
nearest  to  the  Continent,  towards  which  the  immigration  of  those 
Belgic  tribes  into  Britain  in  pre-Boman  times  was  directed,  and 
the  later  invasion  of  Julius  Csssar,  b.o.  54.  The  Cathedral,  which 
dated  back  to  a.d.  602,  was  recovered  by  St.  Augustine,  its  first 
Archbishop,  there  having  been,  it  was  said,  a  church  already  on  the 
spot  built  by  early  Roman  Christians.  Like  York,  Canterbury  had 
been  an  arcbiepiscopal  See  from  the  earliest  times  to  the  present 
day,  and  many  of  its  primates  lay  buried  within  its  precincts. 

But  it  was  not  his  duty  to  descant  upon  the  merits  of  their  present 
happy  meeting-place,  or  to  attempt  to  record  its  history.  Those 
were  matters  he  could  safely  leave  in  far  abler  hands,  for  among 
their  Vice-Presidents  he  saw  the  names  of  the  Very  Bev.  the  Dean 
of  Canterbury,  the  Worshipful  the  Mayor  (Mr.  Alderman  George 
Collard,  J.P.)»  Mr.  Alderman  Mason,  J.P.,  and  many  other  gentlemen, 
including  Mr.  F.  Bennett-Goldney,  the  Honorary  Curator  of  the 
Boyal  Museum,  Canterbury.  They  had  also  to  be  thankful  for 
the  assistance  of  Mr.  Henry  Mead  as  Local  Secretary.  Upon  the 
kindness  and  hospitality  of  those  gentlemen  during  their  visit, 
he  felt  sure  they  might  safely  rely,  and  indeed  their  programme 
held  out  many  agreeable  promises  of  pleasant  visits  both  here 
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and  in  Dover  daring  their  brief  Bojonm  in  Kent  The  newly- 
eleoied  President  thanked  the  members  for  the  high  ooropUment 
they  had  paid  him  in  installing  him  in  that  offioe,  and  pro- 
ceeded to  refer  to  his  forty-two  years*  association  with  the  Britidi 
Mur«am,  and  to  the  many  changes  and  developments  which  had 
taken  place  there  daring  that  period  nnder  the  management  of 
its  numeroas  present  and  past  officers  and  assistants.  Beferrins 
to  varioas  means  by  which  additional  interest  may  be  introdnced 
into  pablic  maseums,  the  speaker  said  that  among  the  objects 
commenced  to  be  carried  out  by  the  new  Director,  Professor  E.  Bay 
Lankester,  was  the  formation  of  a  museum  to  illustrate  animids 
nnder  domestication.  The  Director  hoped  to  be  able  to  obtain 
examples  of  the  various  breeds  of  animals  which  were  the  result 
of  the  invention  of  man — giving  rise  to  what  in  Nature  would 
almost  amount  to  the  *'  origin  of  spedes.*'  But  it  did  not  APP^ 
that  those  varieties  could  ever  remain  permanent  without  arandal 
environments.  All  the  immense  varieties  of  the  dog,  for  example, 
would  speedily  disappear  or  degenerate  into  mongrels  if  not  strictly 
preserved  by  man.  The  same  was  true  of  the  various  breeds  of 
hncy  pigeons;  if  neglected,  the  offspring  would  again  revert  to  die 
common  blue  rock  pigeon  from  which  they  had  sprung.  Breeds 
of  horses  and  cattle,  when  removed  from  care  and  the  influence  of 
domestication,  were  also  found  to  lose  their  distinctive  points  of 
difference,  and  to  revert  to  the  common  wild  form  best  adapted  to 
its  surroundings.  Professor  Lankester  hoped  to  secure  examples 
of  some  of  those,  and  photographs  of  others  to  serve  as  records, 
as  a  basis  for  future  investigations.  Dr.  Woodward  pointed  out 
that  in  order  that  they  might  benefit  permanently  by  the  great 
advances  made  of  late  in  natural  knowledge,  they  must  be  prepared 
to  make  great  changes,  and  sacrifice  many  cherished  ideas,  and 
might  find  themselves  travelling  along  new  lines,  guided  by  new 
lights,  or,  perchance,  might  have  to  make  their  own  lines,  and 
even  to  advance  under  hostile  opposition  to  carry  out  their  new 
idea^.  Thia  led  the  President  to  enter  into  various  details  of  museum 
arrangement,  in  which  he   suggested  several  improvements  and 

fave  results  of  other  scientists'  and  naturalists*  observations  in  thia 
irection.  Dr.  Woodward  particularly  referred  to  the  most  valuable 
set  of  publications  of  Monographs,  Catalogues,  and  Guides,  issued 
by  the  authority  of  the  Trustees  of  the  British  Museum,  of  which 
he  exhibited  some  examples  on  the  table.  Also  to  the  use  of 
printed  descriptive  labels  for  all  the  more  important  groups  of 
animals,  and  for  all  objects  of  special  interest  and  novelty  exhibited 
to  the  public  in  the  Museum  Qalleries. 

The  President  dealt  with  the  subject  of  arranging  specimens  in 
museums  and  the  difficulty  of  displaying  recent  and  fossil  forme 
together  in  one  series.  He  referred  to  an  earlier  discussion  of  this 
subject  which  took  place  at  the  British  Association  Meeting  in 
Manchester  in  1887.  In  adopting  such  a  radical  alteration  in  the 
arrangement  of  objects,  first,  there  was  'public  opinion*  to  be 
considered;  secondly,  in  a  great  public  museum  like  that  of  the 
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British  Moseum  of  Natural  History  there  was  the  organisation  of 
'die  staff,  whioh,  like  the  oolleotions,  was  divided  into  departments ; 
thirdly,  there  was  the  cost  of  making  snch  alterations,  whioh  waft 
▼ery  great ;  and  fourthly,  there  was  the  matter  of  oonvenienoe. 

<<  PMic  opinion,*'  said  Dr.  Woodward,  "  is,  I  find,  very  largely  in 
favour  of  keeping  the  Gkologioal  and  Zoological  Colleotions  distinei 
firora  one  another,  prinoifMllv  beoanse  the  people  who  nse  the 
<x>lleotion8  are  still  interested  in  them  aooording  to  the  special 
line  of  research  in  whioh  they  are  engaged,  and  the  books  whioh 
they  have  been  reading.  They  come  expressly  to  see  the  Birds^ 
or  the  Beetles,  or  Batterfiies,  the  African  Antelopes,  or  Beoent 
Shells,  and  don't  want  to  see  the  fossil  ones.  Or,  again,  they  are 
tntereeted  in  AmmoniieSf  or  in  Trilobites,  or  Fossil  Fishes,  and  wish 
to  see  what  we  have  exhibited  of  one  or  other  of  these.  For,  after 
all,  the  human  intellect  is  restricted,  and  we  cannot,  many  at  least 
of  us,  hope  to  attain  to  the  wisdom  of  Solomon,  who  discoursed  of 
trees  from  the  cedars  of  Lebanon  to  the  hyssop  that  springeth  out 
of  the  wall,  and  spake  also  of  beasts,  and  of  fowls,  and  of  creeping 
things,  and  of  fishes.  The  necessities  arising  out  of  the  greatness 
of  the  subject  has  made  most  of  us  speeialists,  and  we  are,  as  a  mley 
oontent  to  know  one  group  fairly  well.  As  a  consequence,  we 
rarely,  nowadays,  meet  with  the  all-round  Naturalist  who  has  a  wid« 
knowledge  of  most  branches  of  Zoology  and  of  Botany.  Many 
of  the  members  of  this  Museums  Association  have,  however,  com* 
pulsorily,  to  keep  up  such  an  all-round  acquaintance  with  Natural 
History,  and  not  unfrequently  to  undertake  the  intelligent  arrange- 
ment of  an  Art-Grallery  and  perhaps  a  Gallery  of  Antiquities  as  wd]« 
They  have,  in  fact,  to  be  more  learned  than  the  Professors  of 
Natural  History  in  the  Queen's  Universities,  who  less  than  60  years 
ago  were  required  to  lecture  on  Geology,  Mineralogy,  Botany,  and 
Zoology,  in  all  their  varied  branches  1  and  to  give  demonstrations 
also  to  their  classes  in  the  field. 

"  The  organization  of  a  Museum  into  Departments,  each  under  its 
own  special  head,  is  almost  fatal  to  any  scheme  of  amalgamation, 
■and  although  under  the  late  Sir  William  Flower,  and  the  present 
Director,  Professor  Ray  Lankester,  much  has  been  done  towards 
breaking  down  the  bard  lines  of  demarcation,  still  the  Departments 
of  Palaeontology  and  Zoology  remain  as  such  to  the  present  day. 

"  The  late  Director  commenced  in  1896  to  remodel  the  Zoological 
Department,  working  specially  at  the  Mammalia^  up  to  the  time  of 
his  retirement  in  September,  1898,  and  with  the  active  co-operation 
of  Mr.  Richard  Lydekker,  F.R.S.  (who  has  continued  the  task  down 
to  the  present  time).     Still  the  great  work  remains  unfinished. 

"Sir  William  Flower's  last  efforts  were  devoted  to  complete 
the  exhibition  of  Cetaoea  in  the  new  whale-room,  which  contains 
models,  skins,  and  skeletons  of  thirty-eight  of  these  huge  marine 
mammals.  The  present  Director  has  just  added  all  the  fossil  forms, 
ao  that  in  this  one  group  the  biologist  is  able  to  see  the  living  and 
extinct  members  of  the  Cetacea  placed  side  by  side,  and  can  realize 
how  far  such  a  plan  is  a  success. 
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"  In  ihe  other  groopB  of  the  Mammalia  Mr.  Lydekker  has  heea 
unable  to  introduce  the  whole  of  the  foBsil  forms,  and  has  been 
content  to  indicate  their  existence  by  drawings,  by  coloured  casts, 
or  by  parts  of  specimens,  wherever  he  could  make  room  for  them. 
Explanatory  labels  have  been  introduced  in  each  group,  and 
skeletons  also  of  each  type  of  mammal.  Coloured  maps  showing 
the.  geographical  distribution  of  each  family  are  also  placed  with 
them.  To  do  all  this  the  actual  number  of  exhibited  specimens  has 
of  necessity  been  greatly  redueecU  Hiis  limited  exhibition  of  recent 
and  extinct  forms  together  in  one  series  had  been  advocated  by  me 
in  1887,  and  may  be  seen  carried  out,  as  far  as  I  have  been  able  to 
obtain  specimens,  in  the  palsBontological  galleries  under  my  care." 

•  ••  •  •  OOtt 
Dr.  Woodward  referred  to  the  two  great  epoch-making  events  which 

had  so  widely  affected  all  the  sciences,  and  which  saw  the  light  just 
forty-two  years  ago,  namely,  the  discoveries  in  prehistoric  arohaeology, 
by  which  the  age  of  man  has  been  carried  back  into  Newer  Tertiary 
time,  and  the  extinct  Mammalia  had  been  shown  to  have  survived 
down  to  the  human  period,  and  to  have  been  contemporary  with 
early  man  and  with  many  of  the  surviving  forms  of  animals  of 
to-day ;  uniting  the  latest  chapter  of  geological  history  to  the  oldest 
lecoids  of  our  race,  and  joining  the  sciences  of  (Jeology  and 
Archaeology  together.  Secondly,  the  enunciation  at  the  same  period 
of  Darwin's  origin  of  species  and  the  doctrine  of  evolution,  which 
linked  into  one  the  whole  chain  of  life  from  the  earliest  records 
in  ArchsBan  Bocks  to  the  full  tide  of  existences  which  now 
surround  us. 

•  •  ooooo* 
The  President,  in  conclusion,  advocated  the  desirability  of  the 

publicatioD  by  the  Association  of  a  handbook  giving  an  account 
of  every  provincial  museum  throughout  the  country,  with  full 
particulars  as  to  each,  not  only  as  to  its  officers,  organization,  and 
its  plan  of  arrangement,  but  also  what  were  the  chief  features  of 
its  exhibits,  and  especially  to  print  any  records  concerning  '  types  * 
and  *  figured  specimens  *  preserved  in  its  collection  and  any  other 
particulars  of  general  public  and  scientific  interest 


I^  E  "V^  I  E  "W  S. 


I. — Thb  Eiqhth  Intebnational  Osoloqioal  Congress,  Pabis, 
1900.  Livret-Ouide  des  Excursions  en  France  du  viii«  Congr^ 
G6ologique  International.  Avec  872  figures  dans  le  texte  et 
25  planches.     (Paris,  1900.) 

THE  "Comite  d'organisation  du  viii*  Congr^s  Qeologique  Inter- 
national,'*  under  the  presidency  of  the  venerable  Professor 
Gaudry,  has  just  issued  a  '*  Li vret- Guide  des  Excursions  en  France 
du  viii®  Congr^  Geologique  International."  To  judge  from  this 
publication,  the  preparations  for  the  impending  Congress,  which  is 
to  meet  at  Paris  from  the  16th  to  the  28th  August,  have  been 
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exoeedingly  well  made.  The  "  Livret-Quide  "  forms  a  bulky  ootavo 
Yolnme  of  over  900  pages,  with  no  less  than  872  beautiful  text- 
figures  and  25  plates  (geological  maps,  sections,  views,  etc.). 

The  introduction  contains  notices  of  the  geological,  mineralogicaU 
and  palsdontological  museums  and  collections  of  Paris  —  Museum 
d'Histoire  Nat n telle,  Ecole  des  Mines,  Sorbonne,  Eoole  Libre  des 
Hantes  Etudes  Scientifiques,  Collection  Pellat — drawn  up  by  the 
respective  keepers. 

The  choice  of  the  regions  to  be  visited  has  been  made  in  such 
a  manner  that  the  Guide  contains,  as  a  matter  of  fact,  a  description 
of  all  the  *  terrains '  of  France,  thus  giving  a  summary  of  our  actual 
knowledge  of  the  detailed  geology  of  the  country.  So  that  this  book 
will  be  welcome  not  only  to  the  members  of  the  Congress,  whether 
excursionists  or  not,  but  for  several  years  to  come  it  will  remain 
a  useful  geological '  Baedeker '  of  France. 

There  will  be  two  categories  of  excursions,  'Excursions  ggnerales^ 
and  '  Excursions  sp6ciales.'  In  the  latter  the  numbers  are  limited 
to  twenty,  being  intended  for  specialists  only,  who  are  supposed  ta 
be  at  the  same  time  good  walkers  and  not  to  consider  comfort  as  the 
primary  condition  of  a  scientific  excursion.  The  following  are  the 
*  Excursions  speciales ' : — 
August  31  to  September  9:  Alps  of  the  Danphin6  and  Mont-Blano 

(Directors,  MM.  Marcel  Bertrand  and  W.  Eilian). 
August  6  to  14 :  Aquitaine  (Dir.,  M.  Ph.  Glangeaud). 
August  6  to  14 :  Ardennes  (Dir.,  M.  Gosselet). 
August  80  to  September  6  :  Tertiary  basins  of  the  Bhdne 

(Dir.,  M.  Dep6ret). 
August  4  to  14 :  Bretagne  (Dir.,  M.  Ch.  Barrels). 
August  29  to  September  4 :  Caves  of  the  Gausses 

(Dir.,  M.  E.  Martel). 
August  3  to  9 :  Gironde  (Dir.,  M.  E.  Fallot). 
August  30  to  September  12 :  La  Mure,  D^voluy,  Diois,  Talentinois 

(Directors,  MM.  Lory,  Paquier,  Sayn). 
August  9  to  14 :  Mayenne  (Dir.,  M.  D.  P.  Oehlert). 
August  11  to  14 :  Miocene  of  Touraine  (Dir.,  M.  G.  DoUfus). 
August  29  to  September  6  :  Montagne-Noire  (Dir.,  M.  Bergeron). 
August  29  to  September  6  :  Mont-Dore  (Dir.,  M.  Michel  Levy). 
September   11    to    20  :    Mont  -  Yentoux  and   Montague  de  Lure 

(Directors,  MM.  W.  Eilian  and  Leenhardt). 
August  29  to  September  8  :  Morvan  (Directors,  MM.  V^lain,  Peron,. 

and  Br6on). 
August  81  to  September  9 :  Pelvoux  and  Brianqonnais 

(Dir.,  M.  P.  Termier). 
September  3  to  8 :   Picardie  (Directors,  MM,  Gosselet,  Ladriere, 

and  Cayeux). 
September  23  to  October  2  :    Provence  (Directors,  MM.  Marcel 

Bertrand,  Yfitsseur,  and  Ziircher). 
August  4  to  14 :  Pyrenees— crystalline  rocks  (Dir.,  M.  A.  Lacroix). 
August  80  to  September  8 :  Pyrenees— sedimentary  formations 

(Dir.,  M.  L.  Carez). 
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September  7  to  11 :  Seoondary  and  T^rtiaiy  formatioDt  of  the  ' 

Alpee  (Dir.,  M.  E.  Hang). 
August  11  to  14  :   Turonien  of  Touraine  and  C^nomanien  of  tht 

Mans  (Dir.,  M.  de  GrosaouTre). 

Under  the  heading  'Excursions  gSn^rales*  are  (1)  three  Iar:ge 
excursions,  viz. : — 
August  29  to  September  7 :  Coal-basins  of  Central  France 

(Directors,  MM.  Fayol  and  Grand'Eury). 
August  30  to  September  8 :  Primary  and  Secondary  formations  of 

the   Boulonnais   and    Normandy    (Directors,    MM.    Gk)8selet, 

Munier-Chalmas,  Pellat,  Bigaux,  Bigot,  and  Cayeux). 
August  29  to  September  15 :  Central  Massif  of  France  (Direotoiv, 

MM.  Michel  Levy,  Marcellin  Boule,  G.   Fabre,  and  E.  A« 

Martel). 
(2)  Short  excursions  which  will  enable  membere  to  visit,  during 
the  Congress,  the  Tertiary  fossiliferous  formations  of  the  neighbour*, 
hood  of  Paris. 

From  the  dates  given  above  it  will  be  seen  that  the  excursiona 
take  place  before,  during,  and  after  the  Congress.  The  directors 
of  the  excursions  are  the  authors  of  the  respective  notices  on  the 
eame,  which  are  issued  in  twenty-three  separate  fascicules  for  the 
convenience  of  the  excursionists. 

In  connection  with  the  above  it  may  be  mentioned  that  at  the  last 
meeting  of  the  Geological  Society  of  London  on  June  20,  a  letter 
was  read  from  Professor  Gaudry,  the  President  of  the  Organizin^p 
Committee  of  the  Congress,  to  the  Foreign  Secretary  of  the 
Geological  Society,  conveying  a  very  warm  and  cordial  invitation 
to  the  Fellows  of  the  Geological  Society  to  attend  the  Congress,  and 
assuring  to  them  a  hearty  welcome  from  their  geological  brethren  of 
France.  It  is  to  be  hoped  that  this  generous  invitation  will  find 
a  ready  response  from  our  British  Geologists. 


II. — Catalogue  of  thb  Fossil  Bstozoa  in  the  Dbpastmsnt  or 
Gbology,  British  Museum  (Natural  Histost).  The  Obb* 
TAOEOus  Bstozoa.  Vol.  L  By  Dr.  J.  W.  Greoost,  D.Sc.,  F.G.S. 
8vo ;  pp.  xiv,  457, 17  plates,  text  illustrated.  (London :  printed 
by  order  of  the  Trustees  of  the  Museum,  1899.) 

FOUB  years  ago  we  had  the  pleasure  of  noting  (Geol.  Maq., 
1896,  p.  878)  the  first  of  what  it  was  hoped  might  be  a  series 
of  Catalogues  of  the  Fossil  Bryozoa  in  the  national  collection.  That 
volume,  aJso  by  Dr.  Gregory,  dealt  with  the  Jurassic  forms,  which  it 
was  seen  would  supply  the  key  to  those  that  came  after.  Now  we 
have  before  us  the  first  instalment  of  the  Cretaceous  Bryozoa.  The 
work  is  on  the  same  lines  as  its  predecessor,  with  such  changes  in 
nomenclature  (e.g.  Diastoporid®  for  Tubuliporidaa)  as  experience  has 
shown  to  be  necessary,  and  is  severely  technical,  consisting  as  it 
does  of  descriptions  of  the  species,  with  discussions  as  to  synonymy, 
and  so  on.  The  general  introduction  to  the  Cretaceous  Bryozoa, 
with  other  interesting  questions,  such  as  lists  of  localities  with  their 
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horizons,  have  been  deferred  for  a  second  volume,  and  we  can  only 
hope  that  though,  greatly  to  the  regret  of  his  colleagues  at  the^ 
Musenm,  Dr.  Gregory  has  ti^en  himself  to  fresh  fields,  the  work  he^ 
has  so  ably  begun  may  yet  be  carried  to  a  successful  end. 

The  Bryozoa  are  notoriously  a  difficult  group,  though  they  are^ 
a  most  fiiaoinating  study  owing  to  the  beauty  of  their  forms,  which 
nnst  strike  even  the  most  casual  observer  on  turning  over  the^ 
admirably  executed  plates  which  conclude  the  volume^ 

ooBsmsFoi^riDsi^roa. 


FOBMATION   OF  MABITIME  PEAT. 

Sib,— It  may  interest  some  of  the  readers  of  this  Magazine  ta 
learn  that  a  remarkable  illustration  of  the  mode  of  formation  of  beds 
of  maritime  peat  is  at  present  to  be  seen  on  the  shore  in  a  small  bay 
near  the  Bucket  Bocks  to  the  east  of  this  town.  During  a  heavy 
flood  one  day  late  in  the  past  autumn  great  quantities  of  leaves  were- 
waAed  into  the  Tweed  from  the  numerous  woodlands,  parks,  and 
hedgerows  adjoining  its  banks,  and  in  course  of  time  were  drifted 
out  to  sea.  A  south-east  wind  prevailed  at  the  time,  and  the  flotilla^ 
of  leaves,  on  reaching  the  quieter  water  of  the  sea  off  the  river 
month,  were  gently  wafted  shorewards  in  the  direction  of  tho 
sheltered  bay  referred  to.  As  they  floated  they  were  evidently 
first  sorted  out,  in  accordance  with  their  buoyancy,  and  then  were^ 
qnietly  deposited  at  the  foot  of  the  cliff  as  the  tide  fell.  They  form 
a  sodden  mass  of  leaves  quite  five  feet  in  thickness  at  several  places, 
which  extends  islong  the  shore  for  several  hundred  yards. 

An  old  resident,  long  acquainted  with  the  coast  there,  tells  me 
that  the  same  thing  happens  almost  every  year ;  but  that  each  year's 
deposit  is  generally  washed  seaward  again,  sooner  or  later,  after  it 
has  been  laid  down. 

As  might  be  expected  from  the  nature  of  the  deposit,  the  con- 
stituents of  which  have  been  arranged  solely  with  reference  to  their 
powers  of  flotation,  it  includes  a  small  percentage  of  dried  materiala 
which  the  sea-water  has  floated  from  various  parts  of  the  shore. 
Bits  of  paper,  straws,  dried  fronds  of  Fucw  ve$iculo$u$  and  F.  $erratu8f 
ooaited  with  8pirorhi$f  and  pieces  of  Laminaria  encrusted  with 
Membrcmiporaf  occur  in  small  proportion,  and  there  are  a  few 
fragments  of  corallines.  Talitru$  loeuiUi,  both  dead  and  living,  ia 
rather  common. 

The  mass  is  not  divided  by  any  beds  of  mud  or  sand.  Tho 
general  aspect  of  the  deposit  differs  but  little  from  that  of  such 
beds  of  maritime  peat  as  occur,  for  example,  at  Elie  in  Fifeshire 
and  at  Maryport  in  West  Cumberland,  both  of  which  are  usually 
regarded  as  evidences  of  former  changes  of  level  of  the  land.  Yet 
it  must  be  obvious,  from  a  consideration  of  the  facts  above  noted, 
that  similar  deposits  must  frequently  be  laid  down  in  the  vicinity 
of  large  rivers,  in  quiet  nooks  both  at  the  sea-level  and  beneath  it, 
if  the  vegetable  remains  in  the  latter  case  have  soaked  long  enough 
to  become  water-logged.  J.  O.  Goodohild. 

BiBwiox,  Jttfy  4,  1900. 
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JOHN    YOUNG,    LL.D.,    F.Q.S. 
BoBN  1823.  DiBD  HxBOH  13,  1900.      . 

JoHK  TouNQ  was  bom  at  LeDnoxtown,  in  the  parish  of  Campsioy 
1823.  His  father,  Thomas  Toung,  was  employed  in  the  wrigfat- 
shop  of  Lennox  Mill,  the  bleaohing-field  and  calico-printing  works 
of  Dalglish,  Falconer,  &  Oo.  When  10  years  old  he  was  taken 
from  school  to  be  a  message-boy  in  the  Bleachfield.  This  was 
before  the  employment  of  children  was  ameliorated  and  regulated 
by  the  Legislature ;  and  then  he  was  taken  on  in  the  Mill,  where 
16  hours  a  day  (at  sixpence  a  day  and  a  penny  an  hour  for  over- 
work), whether  in  the  hot  or  cold  works  (both  extreme),  were  more 
than  he  could  bear;  and  his  mother  took  him  away.  Afterwards  he 
was  apprenticed  for  seyen  years  to  print-cutting. 

He  was  in  the  employment  of  the  firm  for  26  years,  until  he  went 
to  live  in  Glasgow  in  1859,  but  before  then  he  utilized  what  little 
time  his  hard  work  allowed  him  for  study,  attending  the  Mechanios 
Institute  and  reading  what  books  he  could  get  to  see  on  G^logy, 
his  favourite  science,  and  becoming  well  known  among  geologists. 

In  1855  the  British  Association  met  at  Glasgow,  under  the  presi- 
dency of  the  Duke  of  Argyll,  aud  a  collection  of  the  rocks  and  fossils 
of  the  West  of  Scotland  was  to  be  an  important  feature  at  the  meeting. 
Mr.  Eobert  Dalglish,  partner  in  the  Bleach  works,  etc.,  knew  of  John 
Young's  geological  taste  and  competence,  and  arranged  to  let  his 
employ6  go  to  Glasgow  to  superintend  and  classify  the  collection. 
For  five  months  he  was  engaged  on  this  work,  and  was  brought  into 
contact  with  some  of  the  leading  geologists  of  the  time.  So  thoroughly 
qualified  was  he  for  this  task,  that  shortly  afterwards  the  Senatus 
of  Glasgow  University  oflFered  him  the  position  of  Keeper  of  tiie 
Hunterian  Museum.  In  1859  he  removed  to  Glasgow  with  his  wife 
and  young  family,  and  entered  on  his  new  duties,  living  at  the  Old 
College  in  the  High  Street  of  Glasgow. 

He  successfully  fulfilled  an  onerous  duty  when  the  (Tollege  of 
Glasgow  was  removed  from  the  High  Street  to  GilmorehilL  He 
carefully  packed  and  removed  the  thousands  of  specimens — patho- 
logical, physiological,  and  antiquarian— contained  in  the  Hunterian 
Museum,  arranging  and  classifying  them  in  their  new  location,  with 
the  co-operation  of  his  colleague,  Professor  John  Toung,  M.D.,  the 
Head  Keeper  of  the  Museum. 

The  Campsie  district  in  Stirliugshire,  between  Glasgow  and 
Stirling,  especially  around  Lennoxtown,  his  birthplace  (about 
seven  miles  north-east  of  Glasgow),  had  always  attracted  John 
Toung ;  indeed,  at  an  early  period  he  studied  its  features  and  its 
geological  structure  assiduously  and  with  success.  He  made  himself 
acquainted  with  all  the  naturcJ  and  artificial  exposures  of  its  rocks 
and  strata,  learning  the  mineralogical  nature  of  the  greenstones 
and  ash -beds  of  the  trap-formation,  and  the  fossil  contents  of  the 
sedimentary  limestones,  shales,  and  sandstones,  some  of  which, 
equivalent  to  the  '*  Calciferous  Sandstone  Series,"  are  intercalated 
with  the  trappean  rocks. 
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From  the  Old  Bed  Sandstone,  lying  below,  he  oarefully  noted  the 
fleqnenoe  of  the  several  members  of  (1)  the  ''Oaloiferous  Sandstone 
Series,"  including  the  Ballagan  Limestone  Series  and  the  Trap 
Series;  and  (2)  the  several  members  of  the  ''Lower  Limestone 
Series/'  belonging  to  the  great  Lower  Carboniferons  Formation, 
and  equivalent  in  part  to  the  Mountain  Limestone  of  England.  The 
snooessive  members  of  this  "  Lower  Limestone  *'  group  in  asoending 
order  and  divisible  by  their  constitution  and  their  fossils,  he  defined 
as  that  of  Mill  Bum,  of  Balgrochen  Bum,  of  Balglass  Bum,  of 
Oraigen  Olen,  of  the  Main  Limestone  and  Goal,  of  the  Hosie  Lime- 
stone, and  of  Oorrie  Burn.  The  Balquarhage  Series,  belonging  to 
the  **  Upper  Limestone,"  also  ooours. 

In  the  above-mentioned  groups  of  strata  there  are  several  seams  of 
eoal,  of  not  very  good  quality.  There  are  some  good  oement-stones; 
and  a  large  proportion  of  the  Oampsie  shales  contain  useful  iron- 
stone. Others  of  them  are  good  oil-shales,  in  which  the  crowded 
organisms,  such  as  Entomostraca,  have  supplied,  as  he  shows,  the 
hydrocarbon.  Marine  shells  are  abundant  in  many  of  the  strata, 
but  in  some  limestones  and  shales  they  are  wanting,  only  remains 
of  plants,  fishes,  and  Entomostraca  remaining  in  evidence  of  what  is 
regarded  as  estuarine  conditions  of  these  particular  deposits.  By 
further  research  John  Toung  and  his  colleagues  elucidated  the 
relationship  of  these  interesting  strata  of  Garapsie  to  those  of  other 
parts  of  Western  Scotland  and  elsewhere.  Faults,  causing  a  dis- 
placement of  the  strata,  were  carefully  observed  by  John  Young  in 
the  Gampsie  valley  (the  greenstone  dyke  at  Milton  for  instance), 
and  the  great  Eddie  wood  fault  in  the  Lanarkshire  Goalfield. 

The  uppermost  deposits  in  the  region  referred  to  belong  to  the 
Erratics  of  the  Quaternary  period,  such  as  the  boulder- till  and  the 
sands  and  gravels  that  were  washed  out  of  old  moraines ;  and  these 
have  been  cut  into  and  variously  modified  by  river-action  since  the 
last  uprise  of  the  country.  Surface  scratchings  and  other  glacial 
markings  are  frequent.  A  striking  monument  to  John  Young's 
industry  and  acumen  in  glacial  geology  exists  in  the  Hunterian 
Museum,  where  he  accumulated  and  laid  out  carefully  for  inspection 
a  well-selected  and  extensive  series  of  boulders  and  striated  stones 
(190  varieties)  excavated  from  the  local  Boulder-till  in  digging  the 
foundations  of  the  noble  University  on  the  crown  of  Gilmore  Hill. 
In  the  Museum  there  they  now  constitute  a  valued  "memorial  of  the 
great  variety  of  travelled  rocks  found  on  the  site,"  as  John  Young 
intended  (Trans.  Geo!.  Soc.  Olasgow,  vol.  iii,  1871,  p.  304).  Indeed, 
he  showed  that  the  hill  itself  comprises  a  characteristic  succession  of 
the  Lower  and  Upper  Limestone  Series,  mentioned  above  as  having 
been  elucidated  by  his  researches  at  Gampsie  and  elsewhere. 

In  collecting  and  determining  the  multitude  of  fossils  from  the 
Carboniferons  strata,  not  only  of  the  vicinity  of  Glasgow,  but 
throughout  the  rich  middle  betsin  of  Scotland,  from  the  Firth  of 
Clyde  to  the  Firth  of  Forth,  he  greatly  advanced  his  favourite 
science.  He  gained  much  experience  in  the  discrimination  of 
Lamellibranchiata  and  Brachiopoda,  studying  their  shell-structure 
minutely  under  the  microscope.    Polyzoa  were  frequently  described 
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by  bim,  and  he  made  a  long  list  of  Foraminifera  from  the  shales  and 
limestones.  In  partioular,  he  published  (1874^  an  aoooant  of  the- 
discovery  of  the  interesting  Saecammina  Carteri  in  the  '*  Lower 
Limestone  "  Series  of  the  Lanarkshire  Coalfield  and  elsewhere.  Of 
tlie  Entomostraoa  of  his  finding,  many  he  snbmitted  for  examination 
to  bis  friends  J.  W.  Eirkby  and  T.  R  Jones,  and  his  name  was 
frequently  used  by  them  in  the  nomenclature  of  genera  and  species. 
The  last  instance  of  this  hiendly  co-operation  is  in  the  treatment  of 
the  unique  specimen  found  by  him  long  ago  at  Bobroyston,  near 
Glasgow,  and  determined  by  his  two  friends  Bupert  Jones  and 
Henry  Woodward  to  be  a  peculiar  phyllopod  or  phyllooarid,  with 
the  appellation  of  CltanoeartB  Toungii  (Monogr.  PaL  Soc.,  1899» 
p.  181,  pi.  xxii,  figs.  la-e).  Directions  for  collecting  and  mounting 
microEoa  from  the  Carboniferous  strata  of  West  Scotland  were 
clearly  given  by  John  Toung  in  the  Trans.  Geol.  Soa  Glasgow, 
▼ol.  ii  (1867),  p.  186. 

His  published  papers  are  numerous  (see  the  Royal  Society'^ 
Catalogue  of  Scientific  Papers)  in  the  Transactions  of  the  scientific 
societies  of  Glasgow  and  Edinburgh,  the  Annals  of  Natural  History, 
the  GiOLOGiOAL  Magazimk,  and  the  Journal  of  the  Geological  Society. 
Many  of  them  are  joint  papers,  with  his  colleague  John  Toung,  M.D.,. 
Keeper  of  the  Hunterian  Museum,  Robert  Craig,  James  Armstrong,. 
David  Robertson,  D.  Corse  Glen,  and  other  Glasgow  geologists. 
One  of  his  last  contributions  in  association  with  friends  (Jones  and 
Eirkby)  appeared  in  the  Trans.  Edinburgh  Geol.  Soo.,  vol.  vit 
(1899),  treating  of  one  of  his  favourite  lines  of  research  in  the 
distribution  of  the  Carboniferous  Entomostraoa,  especially  Carbonia. 

The  inestimable  '*  Catalogue  of  the  Western-Scottish  Fossils, "^ 
published  in  1876  for  the  use  of  the  British  Association,  bears  much 
of  the  fruit  of  John  Young's  work,  as  indicated  by  Professor  John 
Toung,  M.D.,  in  his  introductory  and  general  notes  in  that  volume. 
The  lists  of  Ostracoda  and  Foraminifera  were  subsequently  revised  in 
Ab  Trans.  Geol.  Soa  Glasgow,  voL  iz  (1891). 

John  Toung  was  for  many  years  an  active  member  of  the 
Glasgow  Mechanics  Institute,  the  Glasgow  Geological  Society,  and 
an  Associate  of  the  Geological  Society  of  Edinburgh;  he  was 
elected  a  Fellow  of  the  (^logical  Society  of  London  in  1874 ;  and 
in  1883  was  honoured  with  the  award  of  the  Murohison  Donation 
Fund  for  his  long-continued  and  successful  researches  in  the  fossil 
Polyzoa  and  in  the  shell-structures  of  other  fossils.  Lastly,  the 
well-deserved  Honorary  Degree  of  LL.D.  was  conferred  on  him 
by  the  Glasgow  University  in  April,  1893. 

A  man  of  conspicuous  ability,  fully  appreciating  the  beauties  of 
Nature  and  successfully  elucidating  some  of  her  secrets,  be  had 
wonderful  energy  and  perseverance.  He  was  full  of  information, 
and  willingly  gave  the  benefit  of  it  to  all  enquirers:  indeed,  he 
spread  the  knowledge  of  geology  widely  by  his  teachings  in 
Glasgow  and  by  his  many  communications  to  various  journals. 
He  was  indeed  one  of  the  good  old  sort  of  North  British  naturalists 
and  geologists,  who  are  now  unfortunately  too  rapidly  diminishing 
in  number.  T.  R.  J. 
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I. — On  Nephxline-Stinite  and  its  Assooiates  in  the  North* 
West  of  Scotland. 

By  J.  J.  H.  TeaU,  M.A.,  F.R.S.,  Pres.G.S. 
(Communicated  by  permission  of  the  Director-General.) 

IN  1892  I  described,  in  conjunction  with  my  colleague  Mr.  Home^ 
a  peculiar  rock,  essentially  composed  of  orthoclase  and  melanite, 
under  the  name  of  borolanite.^  The  type-specimens  came  from  the 
plutonic  mass  which  lies  to  the  north  of  Loch  Borolan,  in  Sutherland- 
shire  (1  in.  sheet  101).  During  the  preparation  of  the  paper  on 
borolanite  our  colleague  Mr.  Ounn  discovered  two  dykes  of  a  closely 
related  rock  traversing  the  Torridon  Sandstone  in  the  Ooigach 
district  of  West  Ross-shire.  The  rock  of  these  dykes  was  described 
in  an  appendix  to  our  paper.  It  contains  nepheline  and  sagirine,  in 
addition  to  orthoclase  and  melanite,  and  is  therefore  allied,  both  as 
regards  mode  of  occurrence  and  mineralogical  composition,  to  the 
Tinguaite  group  of  Bosenbusch ;  but  as  melanite  is  an  important 
constituent  it  was  classed  with  the  borolanites. 

At  the  conclusion  of  our  paper  we  say  :  **  The  affinities  of 
borolanite  are  unmistakeable.  It  is  a  member  of  the  foyaite  (elsdolite- 
syenite)  family.  The  occurrenoe  of  melanite  as  an  important 
accessory  in  certain  rocks  belonging  to  the  nepheline-leucite  group 
has  long  been  recognized.  In  our  rock  we  have  melanite  raised 
to  the  rank  of  an  essential  constituent  Borolanite,  as  we  have 
already  shown,  is  intrusive  in  the  Cambrian  rocks  of  Sutherland- 
shire.  The  nearest  rocks  in  any  way  allied  to  it  are  the  eladolite- 
syenites  of  the  Christiania  district,  which  are  also  intrusive  in  Lower 
Palaeozoic  strata." 

Since  this  paper  was  written  I  have  had  the  privilege  of  visiting 
the  Christiania  district,  under  the  guidance  of  Professor  Brogger,  and 
the  experience  thus  gained  has  been  of  the  greatest  service  in 
a  re-examination  of  the  post-Cambrian  igneous  rocks  of  the  north- 
west of  Scotland  —  a  re-examination  rendered  necessary  by  the 
preparation  of  the  Geological  Survey  memoir  on  that  district  Some 
of  the  results  thus  brought  to  light,  especially  the  recognition  of 
true  nepheline-syenites,  as  well  as  other  rocks  closely  allied  to  types 
described  by  Prof.  Brogger  in  his  classic  memoirs  on  the  Christiania 

^  *'  On  Borolanite :  an  Igneous  Rock  intrusive  in  the  Cambrian  Limestone  of 
Assynt,  etc."  :  Trans.  Roy.  Soc.  Edin.,  vol.  xxxvii  (1892),  pp.  163-178. 
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district,  appear  to  be  of  sufficient  interest  to  justify  a  brief  preliminary 
notice,  which  it  is  the  purpose  of  this  communication  to  supply. 

The  work  of  previous  observers  on  the  rocks  in  question  k 
described  in  the  paper  on  borolanite  above  referred  to,  and  need  not 
therefore  be  repeated  m  detail ;  but  there  is  one  name  I  desire 
especially  to  mention  in  the  present  connection,  namely,  that  of 
Dr.  Heddle.  In  one  of  his  papers  on  the  geognosy  and  mineralogy 
of  Scotland  ^  he  gives  chemical  analyses  of  the  porphyritic  felspars 
and  of  the  groundmass  of  a  **  homstone  porphyry  '^  from  the  south- 
east spur  of  Ben  Brachaid.  Both  agree  very  dosely  with  albite  in 
composition.  Thus  the  credit  of  estM>li8hing  the  existence  of  rocks 
formed  by  the  consolidation  of  an  alkaline  magma  exceptionally  rich 
in  soda,  in  the  Assynt  district,  unquestionably  belongs  to  Dr.  Heddle. 

The  post-Cambrian  igneous  rocks  of  the  north-west  of  Scotland 
occur  in  two  forms — as  plutonic  masses  and  as  sills  and  dykes; 
or,  in  other  words,  as  abyssal  and  hypabyssal  rocks.  No  lavas 
or  effusive  rocks  of  any  kind  are  known.  The  only  important 
plutonic  mass  is  the  one  stretching  from  Ledbeg  for  about  ^vq  miles 
in  a  south-easterly  direction,  with  an  average  width  of  about  one 
mile.  Cnoc  na  Sroine  (1,306  feet)  forms  the  culminating  point  The 
dominant  rock  of  this  mass  is  a  red  granite  or  syenite,  remarkably 
free  from  ferro-magnesian  or  any  other  dark-coloured  constituents. 
It  was  described  by  Nicol  as  a  red  felspar  porphyry,  and  by 
Murchison  as  a  syenite.  Dr.  Heddle  pointed  out  that  true 
porphyritic  structure  is  absent,'  and  that  the  rock  is  composed 
mainly  of  red  felspar,  often  much  stained  and  decomposed ;  quartz 
being  always  subordinate  to  the  felspar  and  sometimes  absent 
altogether. 

The  specimens  in  the  Survey  collection  agree  with  Dr.  Heddle's 
descriptions.  Those  in  which  quartz  is  present  have  the  aspect 
of  somewhat  coarse-grained  binary  granites,  while  those  in  which 
it  is  absent  resemble  syenites.  Ferro-magnesian  constituents  are 
extremely  rare  in  the  main  mass  of  Cnoc  na  Srdine,  but  they  occur 
abundantly  in  some  of  the  peculiar  rocks  found  on  the  margins. 
A  specimen  from  the  bum  behind  the  inn  at  Aultnacallagaoh 
(3,082)  *  is  a  coarse-grained  red  granite  or  quartz-syenite,  composed 
mainly  of  felspar,  but  containing  also  a  few  blebs  of  quartz  and 
some  insignificant  dark  specks  representing  a  ferro-magnesian 
mineral.  Under  the  microscope  two  felspars  are  recognizable.  The 
plagioclase  occurs  in  more  or  less  idiomorphic  crystals,  which  are 
often  zoned  and  always  twinned  on  the  albite  plan.  The  twin 
lamellsd  are  numerous  and  very  narrow.  The  second  felspar  occurs 
in  large,  irregular  plates,  and  shows  moire-structure  under  crossed 
nicols.  It  is  often  twinned  on  the  Carlsbad  plan,  and  frequently 
contains  inclusions  of  idiomorphic  plagioclase.     Quartz  occurs  in 

^  Mineralogical  Magazine,  toI.  v  (1884),  p.  141. 

*  A  specimen  in  the  Surrejr  collection  (8,081)  from  the  summit  of  Cnoc  na 
Srdine  snowB  a  half-porphyritio  stractnre  snch  as  if  oooasionaUy  fonnd  on  the 
margin  of  Brogger's  nordmarldte. 

'  The  numbers  in  parentheses  refer  to  the  registered  speoimena  in  the  coUeotion  of 
the  Geological  Surrey. 
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irregalar  grains.  The  ferro-magnesian  mineral  ia  represented  by 
minute  scales  of  a  bright  green  ohlorite. 

When  the  powder  of  the  rook  is  plaoed  in  a  Sollas'  diffusion 
column  three  well-marked  bands  are  formed :  one  corresponding 
to  quartz,  which  is  present  only  in  small  quantity  (2*65) ;  another 
corresponding  to  albite  (2-62) ;  and  a  third  at  a  level  just  below  the 
X>oint  at  which  orthoolase  floats.  Although  the  specoflc  gravity  of 
the  plagioclase  corresponds  very  closely  with  that  of  albite,  the 
extinctions  on  M-flakes  are  not  quite  equal  to  albite — 15^  to  17^ 
as  against  19^.  The  difference  is  so  slight  that  in  the  descriptions 
which  follow  the  term  albite'  will  be  used.  The  second  felspar, 
being  slightly  denser  than  orthoolase,  is  probably  rich  in  soda,  and 
may  be  cryptoperthite  or  anorthoolase,  but  the  optical  characters, 
80  far  as  I  have  been  able  to  determine  them,  agree  with  orthodase, 
and  in  the  absence  of  analyses  I  prefer  to  use  that  term.  Of  the  two 
felspars  albite  is  the  more  abundant 

Another  specimen  from  Onoc  na  Srdine  (3,090)  is  very  similar 
in  general  appearance  to  the  one  just  described,  but  contains  lesf 
quartz.  Two  felspars  are  recognizable  under  the  microscope,  but 
they  are  more  intimately  intergrown,  and  often  assume  the  character 
of  microperthite.  Both  are  deeply  stained  with  ferric  oxide,  and 
opaque  iron-ore  occurs  as  an  accessory  constituent. 

Other  red  rocks  from  the  same  mass  are  true  syenites  without 
quartz,  and  these  sometimes  contain  pseudomorphs  after  nepheline 
with  accessory  melanite  (3,083).  The  felspars  in  these  cases  are 
either  orthoolase  or  microperthite. 

The  more  acid  varieties  of  the  red  rocks  have  affinities  with  the 
nordmarkites  of  Professor  Brdgger.  They  resemble  them  in  the 
abundance  of  alkali-felspars  and  in  the  paucity  of  both  quartz  and 
ferro-magnesian  minerals.  When  the  two  felspars  are  intergrown 
microperthitically  the  resemblance  is  very  close,  but  when  the  albite 
is  independently  developed  as  idiomorphic  crystals  it  is  not  so  close. 
Taking  the  mass  as  a  whole,  the  alkali-granites  or  quartz-syenites 
appear  to  shade  into  quartzless  syenites,  and  these  again  into 
nepheline-syenites. 

In  the  red  rocks  which  form  the  main  mass  of  Onoc  na  Sr6ine  no 
fresh  nepheline  has  been  detected ;  but  a  coarse-grained  dark-green 
rock  (3,095)  from  the  foot  of  Uie  north  slope  of  the  mountain 
contains  this  mineral  in  abundance,  and  is,  in  fact,  a  true  nepheline- 
syenite.  The  weathered  surface  is  rough  owing  to  the  more  rapid 
weathering  of  the  nepheline,  which  has  a  dull  green,  waxy 
appearance.  The  alkali-felspar  is  developed  in  flat  tables  with 
conspicuous  development  of   the  dinopinacoid,  and  the  crystals 

*  It  may  be  of  interest  to  mention  that  in  the  metamorphic  rocks  (albite-schists 
and  gneisses)  I  haye  always  found  the  albite  to  giye  the  theoretioal  extinction  of 
19^  on  M-flakes.  The  mineral  appears  to  be  perfectly  homogeneous  and  ideally  pure, 
except  as  re^ds  inclusions.  But  I  haye  neyer  obseryed  the  theoretical  extinction 
of  19°  in  a  plagioclase  occurring  as  a  normal  constituent  of  an  igneous  rock.  In  the 
case  aboye  described  the  breadth  of  the  band  in  the  diffusion  column,  the  lonal 
■tructmre  seen  in  the  sections,  and  the  slightly  Torying  eztinotions  on  the  M-flakei , 
all  indicate  that  the  mineral  is  not  perfect^  homogeneous. 
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are  often  twinned  on  the  Carlsbad  plan.  Under  the  microsoope 
the  rock  is  seen  to  be  oompoeed  of  nepheline  and  alkali-felspar  io 
approximately  equal  proportions.  A  greenish  biotite  and  mdanite 
occur  as  aocetsory  oonstitaents.  Bo£  felspar  and  nepheline  are 
present  as  large  indiyidoals,  measuring  half  an  inch  or  more  across. 
The  occurrence  of  melanite  as  an  accessory  constituent  serres  to 
emphasize  the  dose  relation  between  nepheline  -  syenite  and 
borolanite. 

The  typical  borolanites  have  been  described  in  the  paper  above 
referred  to.  They  are  extensively  developed  to  tiie  east  of 
Aultnaoallagach  in  the  low  ridge  on  the  noith*eastem  side  of  the 
road  leading  from  Oykell  Bridge  to  Inchnadampf,  and  occur  alsa 
at  other  points  on  the  borders  of  the  plutonio  mass.  One  specimen 
(8,737)  may  be  briefly  referred  to  as  a  type.  It  is  a  massive  rock 
composed  of  white  patches,  measuring  one-quarter  to  three-quarters^ 
of  an  inch  across  and  often  polygonal  in  outline,  embedded  in  a  dark, 
almost  black  matrix.  The  white  patches  correspond  to  the  pseudo- 
lencites  described  by  Derby,  Hussak,  and  J.  F.  Williams.  They  are 
composed  mainly  of  orthoclase,  which  is  often  miorographically 
intergrown  with  an  alteration  product  after  nepheline.  Biotite 
and  89girine-augite  occur  sparingly  in  these  patches.  The  matrix 
is  composed  of  orthoclase  and  melanite  with  some  aogirine-augite 
and  biotite.  Micrographic  intergrowths  of  orthoclase  and  the 
alteration  product  after  nepheline  are  also  present 

The  rooks  most  nearly  allied  to  these  peculiar  borolanites  are 
unquestionably  the  '  leucite-syenites '  &om  the  igneous  complex 
of  Magnet  Cove,  Arkansas,  described  by  the  late  J.  F.  Williams/ 
whose  early  death  was  such  a  severe  loss  to  American  petrology. 
Williams  speaks  of  these  and  other  rocks  of  the  complex  as  forming^ 
dykes;  but  the  geological  map  of  the  district  accompanying  his 
memoir  clearly  shows  that  they  do  not  occur  as  ordinary  dykes. 
According  to  Dr.  Washington '  the  complex  represents  a  laccolite  in 
which  differentiation  has  produced  a  mass  varying  in  composition 
from  a  highly  basic  jacupirangite  at  the  centre  to  foyaite  at  the^ 
margin.  The  diflferent  types — foyaite,  leuoite-porphyry,  shonkinite, 
ijolite,  biotite-ijolite,  and  jacupirangite  —  succeed  each  other  in 
concentric  zones  from  the  margin  to  the  centre,  the  rock  most  nearly 
allied  to  borolanite  coming  second  in  the  series,  reckoning  from  the 
outside.  This  rock  is  described  by  Williams  as  ''  a  hypidiomorphia 
granular  combination  of  pseudo-leucite,  eleolite,  orthoclase,  and 
basic  silicates,  which  presents  a  more  or  less  perfect  granitio 
structure  and  is  genetically  connected  with  the  eleolite  -  syenite 
dike  rocks.''  The  pseudo-leucites  are  composed  mainly  of  orthoclase 
and  nepheline,  as  are  those  of  our  borolanite,  but  they  are  more 
perfect  in  form.  It  must,  however,  be  remembered  that  the  borolanite 
area  has  never  been  searched  for  specimens  showing  the  forms  of 

»  "  The  Igneous  Rocks  of  Arkansas  " :  Annual  Report  of  the  Geological  Survey  of 
Arkansas  for  1890,  vol.  ii. 

*  *<  Igneous  Complex  of  Magnet  CoTe'' :  Bull.  Geol.  Soc.  Amer.,  rol.  ii  (1900) » 
pp.  889-416. 
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leaoite.  Those  speoimens  which  have  been  colleoted  frequently 
49how  polygonal  outlines  strongly  suggestive  of  ioositetrahedra,  and 
it  is  highly  probable  that  more  perfect  forms  will  be  found.  The 
groundmass  of  the  leuoite-syenite  consists  principally  of  eleolite, 
black  garnets,  and  orthoclase.  A  green  pyroxene,  biotite,  and 
sphene  are  also  present  Melanite»  according  to  Williams, ''  is  found 
in  varying  quantities  in  the  different  specimens.  In  some  it  is  almost 
entirely  wanting,  while  in  others  it  forms  a  very  important  factor. 
It  is  of  a  rich  brown  or  yellowish-brown  colour,  decidedly  zonal 

in  its  structure,  and  isotropic  in  its  optical  properties 

In  some  cases  more  than  half  the  area  inclosed  within  the  boundaries 
of  the  section  consist  of  melanite  material.'* 

This  description  leaves  no  doubt  that  those  portions  of  the 
Meucite-syenite '  of  Magnet  Cove  in  which  melanite  is  most 
abundant  are  practically  identical  with  the  borolanite  of  Assynt 
This  conclusion  is  confirmed  by  a  comparison  of  the  chemical 
analysis  of  the  borolanite  dyke  discovered  by  Mr.  Gunn  with  that 
of  the  rock  described  by  Williams. 
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I.  Borolanite  dyke,  Camas  Eilean  Qhlais.     Analysis  by  Player. 

II.  •  Leuoite-syenite,'  Magnet  Cove.    Analysis  by  Noyes. 
Another  rock  somewhat  allied  to  borolanite  is  the  ijolite    of 

Bamsay  and  Berghell.^      It  is  essentially  composed  of  nepheline, 
pyroxene,  and  a  titaniferous  melanite  (jiwaarite).* 

In  addition  to  borolanite  there  are  some  other  interesting 
modifications  of  the  syenitic  magma,  apparently  detached  from  the 
main  mass,  near  Ledbeg  at  the  contact  with  the  marble.  One  of 
these  (4,288)  is  a  dense,  dark-green  rock,  composed  of  a  green 
pyroxene  and  orthoclase  or  moire-microcline  with  sphene  as  an 
important  accessory ;  another  (3,088),  also  dark  in  colour,  is 
oomposed  of  sagirine-augite,  orthoclase,  pseudomorphs  after  idio^ 
morphic  nepheline,  and  rich  brown  sphene.  Both  are  augite-syenites, 
one  containing  nepheline  and  the  other  not. 

■  >  '*  Die  Gesteme  Ton  Jiwaara  m  Finland  " :  Geol.  Foren.  Stockholm  Forandl.,  xiii, 
<1891),  p.  300. 

'  It  is  qtiite  possible  that  some  varieties  of  the  melanite  of  the  borolanite  may  be 
titaniferous,  bat  in  order  to  prore  this  the  material  analyzed  would  have  to  be  rery 
carefullj  examined  under  the  microscope,  as  the  mineral  is  not  onfrequently  crowded 
with  minute  inclusions  of  sphene. 
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The  facts  aboro  described  dearly  prore  that  we  have  in  the 
platonio  complex  of  Loch  Borolan  a  connected  groap  of  rook» 
formed  by  the  conaolidation  of  alkaline  magmas  rich  in  soda.  At 
one  end  of  the  series  is  the  alkali-granite  or  qnarts-syenite  forming^ 
the  main  mass  of  Cnoc  na  Srdine,  and  at  the  other  end  of  the  series 
Ihe  basic  angite-syenite,  nepheline-syenite,  and  borolanite.  The 
basic  yarieties  occor  on  the  maigin  and  the  add  Tarieties  in  the 
centre.  This  arrangement  is  the  opposite  of  that  occarring  ii» 
tiie  igneons  complex  of  Magnet  Coyc. 

To  what  extent  the  di£ferent  rocks  represent  snccessiye  intmsions, 
^Kfferentiation  itt  titA,  or  the  resalt  of  a  modification  in  the 
composition  of  the  original  magma  by  the  absorption  of  adjacent 
limestones,  has  not  been  dearly  made  out  It  is  qaite  possible  that 
all  three  operations  will  haye  to  be  taken  into  account  in  explaining 
the  phenomena  observed.  The  eridence  ayailable  suggests  that  the 
quartz-syenites  shade  into  quartzless  syenites,  and  these  again  into 
nepheline-syenites.  Albite  is  abundcmt  in  the  most  add  rocks, 
dther  in  the  form  of  independent  crystals  or  as  mioroperthitio 
inteigrowths  with  orthodase.  But  as  nepheline  comes  in,  albite 
disappears,  and  in  the  more  perfect  types  of  nepheline-syenite  no 
soda-felspar  is  recognizable.  It  is  dear,  even  without  chemical 
analyses,  that  the  presence  of  nepheline  is  determined  by  the  ratio  of 
silica  to  alumina  to  soda.  With  excess  of  silica  albite  is  formed,, 
and  when  there  is  a  deficiency  of  silica  nepheline  is  produced.  In 
the  more  acid  rocks  albite,  or  an  extremely  acid  oligodase,  showa 
a  strong  tendency  to  idiomorphism,  and  precedes  both  orthodase  and 
quartz.  In  the  less  acid  varieties  it  frequently  occurs  intimately 
intergrown  with  orthodase. 

There  is  no  constancy  in  the  order  of  appearance  of  nepheline  and 
orthodase.  In  some  specimens  idiomorphic  nepheline  occurs  aa 
inclusions  in  large  patches  of  orthodase  (micropodoilitic  structure), 
in  others  orthodase  is  idiomorphic  with  respect  to  nepheline,  while 
in  the  pseudo-leucites  and  even  in  the  groundmass  of  certain 
borolanites  the  two  minerals  form  beautiful  micrographic  inter- 
growths.  Thus,  nepheline  may  precede  orthodase,  orthodase  may 
precede  nepheline,  or  the  two  minerals  may  crystallize  simultaneously. 
Similar  relations  between  alkali  -  felspar  and  nepheline  have  been 
described  by  Professor  Brogger  as  occurring  in  the  laurdalites  of  the 
Christiania  district 

But  the  series  does  not  end  with  nepheline-syenite.  This  rock 
sometimes  contains  sdgirine-augite  and  melanite.  By  an  increase  in 
the  former  it  passes  into  augite-syenite,  and  by  an  increase  in  the 
latter  into  borolanite.  The  borolanites  and  augite-syenites  may  or 
may  not  contain  nepheline. 

The  general  result  of  this  re-examination  of  the  specimens 
collected  at  various  times  from  the  plutonic  mass  of  Loch  Borolan 
has  been  to  confirm  and  extend  the  conclusion  arrived  at  by 
Mr.  Home  and  myself  as  to  the  relations  between  the  igneoua 
rocks  of  Assynt  and  those  of  the  Christiania  district.  Quartz- 
syenites,  syenites,   augite-syenites,  and  nepheline-syenites  are  all 
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represented  either  in  the  main  niasa  or  in  its  immediate  neighbour- 
hood. Bat  the  resemblanoe  extends  still  further  to  some  of  the 
hvpabjssal  rooks — the  dykes  and  sills.  A  glanoe  at  the  maps 
(Sheets  101  and  107)  will  show  that  the  Oambrian  area  to  the  north 
of  the  plutonio  mass  is  traversed  by  numerous  sills  and  dykes. 
These  belong  to  two  strongly  marked  types  —  dark  -  coloured 
homblendio  rooks  (camptonites  or  vogesites)  and  light  -  coloured 
felspcithio  rocks  (felsites).  A  description  of  the  homblendio  rocks 
has  already  appeared  in  the  pages  of  this  Magazine/  and  they  need 
not  further  be  referred  to  at  present.  A  full  description  of  the 
felsites  must  be  postponed  until  analyses  are  available,  but  one  or 
two  Tarieties  may  be  briefly  described,  as  they  are  dearly  allied  to 
certain  peculiar  rocks  occurring  in  the  Christiania  district 

The  first  of  these  is  a  dyke  from  Poll  an  Droighinn,  near 
Inchnadampf  (2,324).  The  rock  is  a  pale-green  felsite,  with 
somewhat  obscure  indications  of  porphyritic  felspars  and  decided 
traces  of  parallel  structure.  Under  the  microscope  it  is  seen  to 
be  composed  of  polysynthetic  aggregates,  representing  original 
porphyritic  alkali  -  felspars,  streaks  of  microcrystalline  quartz 
(scarce),  and  a  crypto-  or  microcrystalline  felspathic  matrix 
crowded  with  acietdar  merol%te$  of  mgirine.  Similar  microlites  occur 
in  the  polysynthetic  aggregates,  as  they  do  in  the  phenocrysts  in 
Professor  Brdgger's  grorudite,  but  they  are  far  less  numerous  than 
in  the  matrix,  where  they  are  often  so  thickly  crowded  together 
as  to  form  a  felt-like  mass.  The  larger  microlites  are  green,  but  the 
smaller  ones  are  colourless ;  both  show  the  characteristic  optic 
characters  of  sdgirine  when  isolated  from  the  felspathic  material. 
This  rook  is  a  variety  of  grorudite. 

Another  very  interesting  ty^  of  felsite,  found  by  Mr.  Peach,  is 
intrusive  in  the  Lewisian  gneiss  in  a  burn  one-quarter  of  a  mile 
north  of  the  top  of  Sgonnan  More  (8,370).  This  consists  of 
numerous  phenocrysts  of  pink  felspar,  usually  giving  rectangular 
sections  and  measuring  about  a  quarter  of  an  inch  across,  embedded 
in  a  compact  light-grey  felsitic  matrix.  Under  the  microscope  the 
phenocrysts  are  seen  to  consist  of  intergrowths  of  albite  and 
orthodase,  similar  to  those  observed  in  the  plutonio  mass  of 
Gnoc  na  Srdine.  The  groundmass  is  a  micro-  or  cryptocrystalline 
aggregate  of  alkali-felspar,  containing  a  few  minute,  ragged  prisms 
of  sgirine.  A  little  h'ce  quartz  is  probably  present,  but  cannot 
be  identified  with  certainty  under  the  microscope.  This  rock 
contains  much  less  sBgirine  than  the  typical  grorudites,  and  in  this 
respect  more  closely  resembles  the  lindoites  of  Professor  Brogger. 

Analyses  of  these  rocks  will  be  made,  and  until  this  has  been 
done  a  further  discussion  of  their  affinities  seems  scarcely  desirable. 
This  much  is  certain.  They  are  composed  mainly  of  alkali-felspar 
with  some  free  quartz  and  sagirine,  and  they  are  closely  allied  to 
grorudites,  from  which  they  d^er  chiefly  in  containing  rather  less 
SBgirine. 

^  **  Notei  on  eome  Hornblende-bearing  Bocks  from  Inchnadampf,"  by  J.  J.  H. 
Teall:  QnoL.  Mao.,  1885,  pp.  846-868. 
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Th«  groradites  of  Professor  Brogger  form  the  acid  extreme  of 
a  well-defined  rook-series  of  which,  so  far  as  the  Christiania  district 
is  concerned,  tinguaite  is  the  basic  extreme.  No  rocks  answering 
to  tingnaites  in  chemical  composition  have  been  fonnd  in  the  north- 
west  of  Scotland.  The  dykes  discoYored  by  Mr.  Gonn  in  west 
Boss-shire,  to  which  the  term  borolanite  was  extended,  not  withoat 
hesitation,  as  melanite  is  far  less  abundant  than  in  tjrpical  borolanite, 
are  composed  mainly  of  nepheline,  orthoolase,  and  sagirine,  and 
therefore  allied  to  tinguaites  in  mineralogical  composition ;  but  the 
rock  analyzed  contains  over  5  per  cent,  of  lime — a  fact  which  sharply 
differentiates  it  from  typical  tinguaites.  Another  point  whi<m 
differentiates  these  dykes  from  tinguaites  is  their  structure.  Nephe- 
line,  serine,  melanite,  and  biotite  occur  as  idiomorphic  crystals  in 
large  irregular  patches  of  orthoolase  (micropcecilitio  struoture) 
But  if  these  dykes  do  not  fit  into  the  grorudite-tinguaite  series  they 
correspond  very  well  with  some  of  the  more  basio  members  of  the 
plutonio  mass  of  Cnoc  na  Sroine,  with  the  nepheline- melanite 
syenites,  just  as  the  grorudite-like  rocks  correspond  with  the  more 
acid  portions  of  the  same  mass.  It  is  probable,  therefore,  that 
both  are  aschistic,  in  Professor  Brogger's  sense,  and  that  they 
represent  the  dyke  forms  of  the  magmas  which  gave  rise  to  the 
plutonio  mass. 

In  the  foregoing  account  of  this  small  but  extremely  interesting 
petrographical  province,  special  emphasis  has  been  laid  on  its 
relations  to  the  Christiania  district ;  but  it  might  equally  well  be 
compared  with  other  districts  in  which  nepheline-syenites  occur. 
Each  of  these  districts  has  its  own  special  features.  The  occurrence 
of  borolanite  is  a  peculiarity  which  the  district  in  question  shares,  so 
far  as  we  know  at  present,  only  with  that  of  Magnet  Cove. 


II. — FUBTHEB  NOTBS  ON   PODOPHTHALMOUS  CrUSTAOEANS   FROM  THB 

Upper  Cretaceous  Formation  op  British  Columbia,  bto. 

By  HxNBT  WooDWABD,  LL.D.,  F.R.S.,  F.G.8.,  etc.,  of  the  BritiBh  Mnseun 
(Natural  History). 

(PLATES  XV  and  XVI.) 

IN  1896  I  desorihed  some  deoapod  Cmstaoeans  found  in  the 
CretaoeoQs  formation  of  Yanoouyer  and  adjaoent  islands,  British 
Colombia,  whioh,  with  the  approval  of  Dr.  G.  M.  Dawson,  C.M.G., 
F.H.S.,  the  Director,  had  been  most  kindly  placed  in  my  hands  for 
examination  by  Dr.  J.  F.  Whiteaves,  F.G.S.,  Palaeontologist  to  the 
Geological  Survey  of  Canada.  They  were  referred  by  me  to  the 
genera  CaUianasBay  JSbmolopsia,  PalaocoryateSt  and  Flagiohphui  (see 
Quart.  Joum.  Geol.  Soc.,  1896,  vol  lii,  pp.  221-228,  with  6  figures). 
From  the  same  source  I  have  since  received  a  further  and  much 
larger  collection  of  specimens  from  the  Nanaimo  and  Comox  Group 
(Upper  Cretaceous).  Like  the  earlier  series,  all  these  Crustaceans 
are  preserved  in  hard  concretionary  nodules,  which  render  their 
examination  in  detail  often  extremely  difficult  and  disappointing,  as 
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thev  split  nnevenly  with  a  jagged  fraotnre,  and  have  also  a  tendency 
to.  divide  up  into  cuboidal  fragments. 

The  material  which  has  now  been  placed  in  my  hands  may  be 
^summarized  thus : — 

No.  1.  One  specimen  of  a  dark  nodule,  split  into  halves 
(3"  X  If '0>  exposing  the  cephalothorax  and  portions  of  the  limbs  of 
4i  Crustacean  referred  to  lAnupdrw  (Podocrates)  Vancouverensis  by 
Whiteaves  ^Pl.  XV,  Fig.  1),  described  in  Trans.  Koy.  See.  Canada, 
«er.  II,  vol.  1  (1895-6),  sect  4,  pp.  132  and  133.  Formation :  from 
the  Nanaimo  Group  (Upper  Cretaceous) » Museum  Qeol.  Surv.  Canada. 
Locality :  from  two  mUes  up  the  Puntledge  (called  also  the  Comox) 
Eiver,  Vancouver  Island ;  collected  by  the  Rev.  G.  W.  Taylor,  1889. 

No.  3  (labelled  also  58  in  white  paint).  A  large  dark  nodule, 
«plit  in  halves  (6|"  x  Sf"),  exposing  the  dorsal  aspect  of  a  second 
epecimen  of  Linupdrua  (P.)  VancouverenM,  W.,  showing  the  cephalo- 
thorax and  a  portion  of  the  base  of  the  left  antenna.  The  three 
characteristic  longitudinal  ridges,  the  small  central  pear-shaped 
area  in  front  of  the  neck-furrow  on  the  carapace,  and  five  of  the 
abdominal  segments  can  also  be  seen  (Trans.  Boy.  Soc.  Canada, 
op.  cit).  Formation  :  Upper  Cretaceous.  Locality :  Hornby  Island ; 
ooll.  by  W.  Harvey,  1898. 

No.  4.  A  long,  dark,  and  rather  cylindrical  nodule  (6J"  X  2J"), 
split  in  halves  and  also  broken  across  transversely,  exposing  the 
interior  of  the  cephalothorax  and  five  segments  of  the  abdomen  of 
Zinupdrua  (P.)  Vaneouverensia,  W.  (PL  XV,  Fig.  3).  The  upper 
surface  of  the  carapace  is  not  preserved,  but  the  bases  of  the 
mandibles  (m.)  are  exposed,  the  monodactylons  walking-legs,  and 
the  bases  of  the  antennules.  The  epimeral  portions  of  the  abdominal 
segments  are  serrated  behind,  and  bear  small  tubercles  on  the 
surface.  Formation :  Upper  Cretaceous.  Locality  :  Comox  Biver, 
Vancouver  Island ;  coll.  by  J.  B.  Bennett,  1895. 

No.  6.  Half  of  a  nodule  only  (7"  x  4|").  containing  an  obscurely 
preserved  Crustacean,  Ztnupdrua  (P.)  Vancouverensis,  showing 
characteristic  traces  of  the  carapace  and  limbs  and  the  nearly  entire 
abdomen,  including  remains  of  the  caudal  appendages.  The  posterior 
borders  of  the  epimera  are  spinous.  The  right  antenna  is  preserved 
for  a  length  of  2^  inches.  Formation:  Upper  Cretaceous.  Locality : 
Hornby  Island ;  coll.  by  W.  Harvey,  1895.  (Specimen  also  marked 
No.  1  in  ink.) 

No.  55  a  and  h.  Two  sides  of  a  dark  egg-shaped  nodule  split 
open  (4J"  X  3f^),  exposing  the  dorsal  aspect  of  a  specimen  of 
Linupdrus  (P.)  Vancouver ensis,  W.  (PI.  XV,  Fig.  2),  showing  the 
carapace  and  the  five  abdominal  segments,  also  the  remains  of  the 
caudal  appendages  and  the  thoracic  limbs.  The  three  characteristic 
ridges  are  well  seen,  also  the  cervical  furrow,  with  its  pear-shaped 
tuberculated  area  just  in  front  Formation :  Upper  Cretaceous. 
Locality :  Hornby  Island ;  coll.  by  Mr.  Bobbins  in  1896,  Provincial 
Museum,  Victoria,  British  Columbia. 

A  few  additional  specimens  from  the  same  series  are  referred  to 
later  on. 
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NoTBS  09  THB  OsHUS  LifittpdrtM,  A.  White,  1847. 

Before  proceeding  further  it  seemi  desirable  to  say  a  few  words 
upon  the  nomenolature  of  this  genus,  which,  like  the  materials 
illustrating  it,  has  greatly  increased  and  become  somewhat  com- 
plicated. 

In  1884  Dr.  Whiteaves  first  called  attention  to  these  interesting 
Palinurids  in  the  Transactions  of  the  Boyal  Society  of  Canada 
(yol.  ii,  sect.  4,  pp.  237,  238)  under  the  provisional  generic  name 
of  Hoploparta  (?),  with  the  specific  designation  of  Canadefms  for 
the  form  then  under  discussion,  obtained  from  the  Cretaceous  of 
Highwood  Biver,  a  tributary  of  the  Bow  Biver. 

This  fossil  was  again  described  by  Dr.  Whiteayes  (in  1885) 
under  the  name  of  Hoploparta  (?)  CanadeMte  in  "  Contributions 
to  Canadian  PalsBontology,"  1885,  vol.  i,  pp.  87-89,  where  it  is 
figured  for  the  first  time  (pL  xi).  It  appears  that  some  time 
afterwards  (1890)  Dr.  C.  Schliiter,  of  Bonn,  stated  that  the  so-called 
Hoploparta  (?)  Canadensis  was  closely  allied,  if  not  identical  with, 
his  Podocrates  Dulmenensis,  a  name  proposed  by  Becks  (without 
description),  but  described  fully  by  Dr.  Schliiter  in  1862  (in  the 
Zeitsch.  der  Deutsch.  Oeol.  Gesellsch.,  xv,  pp.  710-716,  taf.  xii). 
This  genus  Podocrates  was  also  adopted  by  Fritsch  &  Kafka  in 
their  «  Crustacea  B5hm.  Kreidform.,"  pp.  20, 21,  taf.  iii,  figs.  1  and  2 
and  text-fig.  44,  Prague,  1887. 

In  1895  Dr.  J.  F.  Whiteaves  added  a  new  species  of  Cretaceous 
Palinurid  to  the  series  of  Crustaceans  already  recorded  by  him  from 
the  Cretaceous  of  Vancouver  (Proc.  and  Trans.  Boy.  Soc.  Canada, 
ser.  II,  vol.  i,  sect.  4,  pp.  132,  133),  under  the  name  of  Podocrates 
Vancouverensis,  thus  accepting  and  acknowledging  the  correctness  of 
Dr.  Schliiter's  earlier  determination  in  1862. 

Two  years  later.  Dr.  A.  E.  Ortmann  described  a  new  species 
of  Palinurid,  from  the  Upper  Cretaceous  of  Dakota,  under  the 
generic  name  of  Linuparus,  Gray  (1847),  a  monotypic  genus  con- 
taining only  the  single  living  Japanese  species  Palinurns  trigonus  of 
De  Haan  (see  De  Haan,  in  Siebold's  ''  Fauna  Japonica,"  Crustacea, 
1841,  p.  157,  pis.  xxxix  and  xl).  This  genus  Linupdms,^  attributed 
to  Dr.  John  Edward  Gray  ("List  of  Crustacea  in  the  British 
Museum,"  p.  70),  as  pointed  out  by  the  Bev.  T.  B.  B.  Stebbing,  F.RS. 
("A  History  of  Crustacea,"  1893,  p.  197),  (spelt  by  him  lAnupdris), 
is  not  Dr.  Gray's  name,  but  was  given  by  Adam  White  in  1847 ', 
"  the  characters  of  the  new  genus  being  left  to  be  inferred  from  the 
known  species  (as  described  by  De  Haan),  a  very  slovenly  method 
of  definition  which  is  much  to  be  deprecated  "  (Stebbing,  op.  cit). 

LiKUPABUs  Vanoouvebbnsis,  Whiteaves,  sp.     (PL  XV,  Figs.  1-3.) 

1841.  PaUnttrui  triffonut,  De  Haan,  Fauna  Jap.  Crnstaeea,  p.  167,  dIs.  zxziz,  xl. 
1847.  Linuparui  trifonuSy  White  (gen.  emend.).  List  Crostacea  Brit  Mns.,  p.  70. 
1867.  Th^nopa,  BeU,  Fobs.  Malacoet.  Crust.,  pp.  83,  84,  pL  ^ii:  FaL  Soc;. 
Mon.,  1867. 
*  This  name  is  an  anagram  on  Fabridus's  genus  Pa/mMrtM,  from  which  lAnupartu 
was  separated  by  Adam  Wliite,  the  real  author  of  the  ''List  of  Crustacea  in  the 
British  Museum,''  1847. 
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1862.    Fbtkerata    (Becks,  nom.  nnd.)»  Schltiier,  Zeiisdh.   der   DentBoh.  Oeol. 

Oeselleoli.,  xir,  1862,  pp.  710-716,  taf.  xii. 
1887.    Fodocraiet,  Fritsch  &  Eailu,  CroBt  Bdhm.  Kreidfonn.,  pp.  20,  21,  taf.  iii^ 

figs.  1  and  2  and  text-fig.  44. 
1893.    Zinupdrit  (ttg),  Stebbinf,  Hist.  CniBtacea,  p.  197. 
1895.    FodoeraUt,  WluteaTes,  TranB.  and  Proc.  feoy.  Soo.  Canada,  1896,  ser.  n» 

Tol.  i,  sect.  4,  pp.  132,  133. 
1897.    lAtmparutf  Ortmann,  Amer.  Joom.  Sci,  ter.  it,  toI.  It,  pp.  290-297^ 

figs.  1-4  in  text. 

At  the  meeting  of  the  Boyal  Society  of  Canada,  May,  1895^ 
Dr.  J.  F.  Whiteaves  gave  desoriptions  of  the  fosiils  from  the^ 
Nanaimo  group  of  the  Yanoouver  Cretaoeous  series,  and  among 
others  descrihed  a  new  speoies  of  Cmstaoeaii,  of  which  description 
I  subjoin  a  copy. 

LihupIbus  (Poooobates)  Yanoouybbeksis,  Whiteaves,  sp. 

"Oarapace  flattened,  rectangular,  longer  than  foroad,  marked  by^ 
three  low  angular  tuberculous  or  spinose  longitudinal  ridges,  one 
in  the  median  line  and  one  near  each  of  the  lateral  margins,  and 
divided  at  about  one-third  the  distance  from  the  front  by  an  obtusely^ 
subangular  cervical  groove,  which  is  rather  broad  but  not  very  deep. 
On  the  anterior  portion  or  cephalic  arch  the  lateral  longitudinal 
ridges  are  well  developed,  and  armed  with  larger  and  more  spinose 
tubercles  than  those  on  the  corresponding  ridges  of  the  posterior 
portion,  one  a  little  behind  the  mid -length  on  each  ridge  being 
larger  than  any  of  the  others,  but  the  central  ridge  is  obsolete.  In 
its  place,  just  in  advance  of  the  cervical  groove,  there  is  an  ovate 
lanceolate  or  narrowly  spear-shaped  area,  which  is  elevated  at  the 
pointed  end  anteriorly,  shallowly  depressed  posteriorly,  and  margined 
with  a  single  row  of  small  tubercles.  Immediately  in  front  of  this 
area  there  is  a  pointed  or  spinose  tubercle,  almost  in  a  line  with 
the  largest  tubercle  on  each  of  the  lateral  ridges,  and  still  farther 
forward  there  are  two  similar  tubercles  at  a  short  distance  from  the 
anterior  margin  and  about  seven  millimetres  apart.  On  the  posterior 
portion,  or  scapular  arch,  the  three  longitudinal  ridges  are  minutely 
tuberculated,  and  extend  from  the  posterior  margin  to  the  cervical 
groove,  where  they  each  terminate  in  a  pointed  tubercle  larger  than 
any  of  the  rest,  but  the  central  ridge  is  shorter  than  either  of  the 
two  lateral  ridges.  Anterolateral  angles  of  the  carapace  each  armed 
with  a  nearly  straight  but  slightly  divergent  spine.  Bostnim^ 
central  portion  of  the  anterior  margin,  and  position  of  the  eyes 
unknown.  External  antennaB  broad  and  flattened  at  their  bases, 
inner  antenn»  cylindrical  at  theirs.  Walking  feet  slender,  as  is 
usual  in  the  genus.  In  addition  to  the  spines  and  tubercles  on  the 
lateral  ridges  and  elsewhere,  as  already  described,  the  whole  of  the 
upper  surface  of  the  carapace  is  minutely  granulose  and  apparently 
setose,  numbers  of  minute  objects,  which  seem  to  be  detached  setas, 
being  plainly  visible  under  an  ordinary  lens." 

"Two  miles  up  the  Puntledge  River,  Yanoouver  Island,  Rev.  G.  W. 
Taylor,  1889 :  a  good  specimen  of  the  carapace,  with  the  rostrum 
and  a  small  piece  of  the  anterior  broken  off,  but  with  considerable 


Digiti 


zed  by  Google 


596     Dr.  H.  Woodward^  Cretaeeotu  Canadian  Crustacea. 

portioQS  of  the  ambulatory  feet  and  the  bases  of  the  inner  and  outer 
antennflB  preserved.  This  interesting  fossil  is  now  in  the  Museum 
of  the  Geological  Survey  of  Canada.     [See  PI.  XV,  Fig.  1.] 

[No.  3.]  "  Hornby  Island,  W.  Harvey,  1893 :  a  less  perfectly 
preserved  specimen,  showing  most  of  tiie  carapace  (but  not  the 
xostrum),  portions  of  the  ambulatory  feet,  and  the  dorsal  aspect  of 
five  segments  of  the  abdomen  (their  margins  were  denticulated). 

"  In  1884  (Trans.  Boy.  Soc.  Canada)  the  writer  [Dr.  J.  F.  Whiteaves] 
described  a  long-tailed  decapod  crustacean  from  the  Cretaceous  rocks 
at  the  Highwood  Biver  in  Alberta,  under  the  provisional  name 
JHbploparia  (?)  Canadensis.  Dr.  C.  Schliiter,  of  Bonn,  Germany, 
in  a  letter  dated  February  20,  1890,  expresses  the  opinion,  which 
appears  to  be  well  founded,  that  this  species,  which  is  figured  on 
plate  ii  of  the  first  part  of  the  first  volume  of  'Contributions  to 
Canadian  PalsDontology,'  is  a  Podocrates,  closely  allied  to,  if  not 
identical  with,  the  P.  Ihllmensts  of  Becks.  P.  Vancouverensis  seems 
to  differ  from  that  species  in  the  much  smaller  proportionate  size  of 
the  tubercles  on  the  three  longitudinal  ridges  on  its  carapace, 
especially  posteriorly,  and  in  the  different  arrangement  of  the 
distant  spinose  tubercles  on  the  anterior  moiety  of  its  cephalic  arbh.'^ 

The  publication  of  Dr.  Ortmann's  paper  (American  Journal  of 
Science,  ser.  iv,  voL  iv,  1897,  pp.  290-297,  figs.  1-4)  makes  ns 
acquainted  with  another  species  of  Palinurid,  which  he  names 
Zinuparus  atavus,  from  the  Upper  Cretaceous  of  Cotton  Wood 
Oreek,  Mead  Co.,  South  Dakota. 

There  is  no  doubt  that  this  form  is  closely  related  genericallv 
with  P,  Canadensis,  P.  Vancouverensis,  Whiteaves,  and  also  wiu 
P.  Dulmenensis,  Schliiter,  and  that  for  all  these  species  Adam  White's 
^enus  Zinuparus  (1847)  takes  priority  over  tie  other  genera  to 
which  they  have  heretofore  been  referred  by  various  authors. 

Formation :  Upper  Cretaceous. 

Locality :  Puntledge  or  Comox  Biver  (Fig.  1),  Hornby  Island 
<Fig.  2),  Comox  Biver  (Fig.  3),  British  Columbia. 

In  the  "Contributions  to  Canadian  PalsDontology "  for  1885, 
vol.  i,  pp.  87-89,  pi.  xi.  Dr.  J.  F.  Whiteaves,  F.G.S.,  published  the 
following  description  of  P.  Canadensis,  a  decapod  Crustacean  from 
the  Upper  Cretaceous  of  Highwood  Biver,  Alberta,  N.W.T.,  which 
we  here  reproduce  : — 

LintjpIbus  (PoDOOBATBs)  Canadknsis,  Whitcaves,  sp. 

Hoploparia  (P)  Canaderuis,  Whiteavea,  1884.^ 

'*  The  fossil,  which  it  is  the  more  immediate  object  of  this  paper 
to  describe,  is  a  rather  remarkable  example  of  a  macrourous  decapod 
crustacean,  collected  by  Mr.  R  G.  McConnell  in  1882  from  the 
dretaceous  shales  of  the  Highwood  Biver,  a  tributary  of  the  Bow, 
•ten  miles  west  of  the  first  fork. 

**  The   specimen  originally  consisted  of  an   elongate  -  oval  and 

1  Trans.  Koy.  Soc.  Canada,  toI.  ii  (1884),  sect.  4,  pp.  237,  238. 
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flattened  oonoretionary  nodule  of  soft  argillite,  with  a  small  piece 
broken  off  from  one  end,  but  enough  of  the  matrix  has  been 
removed  to  show  most  of  the  carapace  and  the  upper  surface  of 
a  few  of  the  abdominal  segments.  The  anterior  extremity  of  the 
carapace,  with  the  rostrum,  is  unfortunately  not  preserved,  and  the 
tail,  with  some  of  the  posterior  abdominal  segments,  was  broken  off 
when  the  nodule  was  found.  The  ambulatory  feet  are  preserved, 
but  it  was  found  to  be  scarcely  possible  to  remove  the  soft  shale 
from  around  them  without  running  the  risk  of  spoiling  the  specimen* 

''  The  carapace,  like  that  of  most  of  the  macroura,  is  elongated  and 
comparatively  narrow,  with  nearly  parallel  sides,  and,  when  perfect, 
its  length  must  have  been  about  twice  as  great  as  its  breadth* 
A  little  in  advance  of  the  mid-length  a  single,  broadly  V-shaped, 
deep,  and  rather  wide  cervical  furrow  crosses  the  carapace  trans- 
versely. The  posterior  half  of  the  carapace  is  depressed  and  rather 
distinctly  three-keeled  in  a  longitudinal  direction.  In  the  specimen 
collected  by  Mr.  McConnell  a  central  keel,  or  narrow  but  prominent 
raised  ridge,  about  three  times  as  broad  posteriorly  as  it  is  anteriorly, 
and  which  is  bounded  on  each  side  by  a  deep  and  angular  furrow, 
extends  from  the  posterior  end  of  the  carapace  to  the  centre  of  the 
V-shaped  (cervical)  groove  which  transverses  it.  This  central  keel 
is  much  more  strongly  marked  than  the  broad  and  comparatively 
obtuse  lateral  keels  near  the  outer  margin  of  each  side.  The  surface 
of  the  posterior  half  of  the  carapace  (and  perhaps  that  of  the 
anterior  also)  is  covered  with  rather  distant,  small,  isolated  conical 
tubercles,  which  occasionally  are  surrounded  by  a  minute  annulus  at 
the  base;  and  the  three  keels  each  have  a  single  series  of  larger 
conical  tubercles,  whose  pointed  apices  are  directed  forward. 

"  In  front  of  the  transverse  and  V-shaped  (cervical)  furrow  tha 
carapace  is  very  badly  preserved,  and  the  anterior  margin  with  the 
rostrum  is  broken  off.  The  two  lateral  and  tuberculated  keels 
appear  to  be  prolonged  to  within  a  short  distance  of  the  front 
margin  of  the  carapace,  though  they  are  somewhat  less  distinct  in 
front  of  the  (cervical)  furrow  thim  they  are  behind  it  On  the 
anterior  side  of  the  furrow  the  central  keel  is  absent,  and  the  median 
portion  of  this  part  of  the  carapace  bears  a  number  of  comparatively 
large  and  prominent,  distinct  and  conical  tubercles,  which  are  some- 
what peculiarly  arranged.  Next  to  the  furrow,  and  in  advance  of  it, 
in  the  median  line,  there  are  five  tubercles  arranged  in  two  con- 
vergent rows  of  two  pairs  and  an  odd  one,  which,  if  connected  by 
lines,  would  have  much  the  shape  of  an  isosceles  triangle,  with  its 
base  near  to  the  furrow.  Between  the  space  bounded  by  these 
five  tubercles  and  each  lateral  keel  there  is  a  shallow,  concave,  and 
rather  broad  depression  of  the  carapace.  In  front  of  these  five 
tubercles,  again,  there  are  four  others  and  still  larger  ones  (the  two 
anterior  ones  apparently  of  considerable  size),  arranged  somewhat  in 
the  form  of  a  square,  any  of  whose  sides  would  be  greater  than  the 
base  of  the  isosceles  triangle  indicated  by  the  other  five. 

"  The  upper  surface  of  each  of  the  abdominal  segments  bears 
a  tubercle  in  the  centre,  on  its  anterior  edge,  and  another  one  on  the 
margin  of  each  of  the  sides.     The  most  prominent  characteristic 
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of  the  species,  in  faot,  is  the  possession  of  three  widely  distant, 
longitudinal,  and  tuberoulated  keels,  which  extend  over  nearly  the 
whole  length  of  the  npper  surface  of  the  body."    .... 

''Judging  by  the  invertebrate  fossils  alone,  it  would  seem  probable 
that  the  friable  and  fissile  shales  at  Mill  Greek,  which  hold  typioal 
examples  of  Inoceramus  problematicm,  may  represent  the  *  Niobrara 
Group '  of  the  Upper  Missouri  section.  On  similar  evidence,  also, 
the  rocks  of  the  two  localities  on  the  Waterton  Biver,  which  have 
yielded  respectively  Oiirea  conge$ta  and  VolviceramuB  exogyroide$; 
those  at  the  Highwood  Biver,  which  contain  Inoceramus  undahvndtu 
and  Scaphitee  Warreni;  those  on  the  north-west  branch  of  the 
north  fork  of  the  Old  Man  Biver,  from  which  Inoeeramm  undahtmdus, 
Fholadomya  papyracea,  Scaphites  Warreni,  and  8.  vermiformis  were 
collected;  and  those  at  the  entrance  to  the  North  Kootanie  Pass, 
which  are  characterized  by  Vohiceramus  exogyroides,  ScapMtee 
Warreni,  and  8.  vermiformis,  would  appear  to  be  as  nearly  as 
possible  the  Canadian  equivalents  of  the  '  Fort  Benton  Group.* 

''  In  conclusion,  it  may  be  remarked  that  the  invertebrate  fauna 
of  the  '  Belly  Biver  Series '  seems  to  be  essentially  the  same  as 
that  of  the  *  Laramie '  of  the  United  States  and  Canada,  unless  more 
than  one  formation  has  been  confounded  under  the  latter  name,  and 
that  it  is  at  present  scarcely  possible  to  separate  the  '  Lower  Dark 
Shales'  of  Dr.  Dawson's  Bow  and  Belly  Biver  Beport  from  the 
'Fort  Pierre  and  Fox  Hills'  Groups  on  purely  pal»ontologioal 
grounds."  * 

Additional  note  on  lAnuparus  Canadensis  (PI.  XVI,  Fig.  1),  by 
H.  Woodward.— No.  55  c.  One  half  of  a  dark  nodule  (6J"  x  4"), 
exposing  the  under  side  of  a  large  Crustacean,  showing  the  five 
sternites  and  the  bases  of  the  thoracic  limbs.  I  have  refen-ed  this 
specimen  to  Dr.  Whiteaves'  species  L,  Canadensis,  with  which  it 
agrees  in  size,  being  one  of  the  largest  specimens  of  the  fossil 
Palinurids  from  this  locality. 

It  exhibits  the  under  surface  of  the  cephalothorax,  with  the 
sterna  and  the  basal  joints  and  portions  of  the  five  pairs  of 
ambulatory  appendages,  one  or  more  being  nearly  complete.  The 
sternum  forms  a  rather  broad  and  somewhat  triangular  area,  in 
front  of  which  the  mandibles  and  the  labrum  are  seen,  with  the 
spinous  stout  basal  joints  of  the  long  stiff  antennas.  There  are  also 
traces  of  the  antennules  visible. 

Each  stemite,  carrying  the  thoracic  limbs,  is  ornamented  with 
a  pair  of  rounded,  sub-central  tubercles,  except  the  first,  which  has 
only  a  single  central  one. 

Upper  Cretaceous :  Hornby  Island ;  collected  by  Mr.  Bobbins, 
preserved  in  the  Provincial  Museum  at  Victoria,  B.C. 

Here  I  would  also  place  a  second  specimen,  preserved  in  a  half 
nodule.  No.  7  (marked  2  in  ink),  which  I  refer  to  L.  Canadensis. 
The  half  nodule  measures  6"  x  4",  and  displays  one  of  the  large 
antennsd  and  five  of  the  walking-legs  very  well  preserved.    The 

1  Added  from  Dr.  WhiteayeB*  Contrib.  Canad.  Palsont.,  toL  i  (1885),  p.  83. 
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flurfaoe  of  the  appendages  is  rugose.    Three  of  the  body-segments 
oan  be  seen.    Looality  :  Hornby  Island ;  W.  Harvey,  1895. 

Although  not  refigured,  it  seems  desirable,  in  order  to  complete 
this  reoordi  to  reproduce  Dr.  Whiteaves'  description  of  this  additional 
dretaceous  form. 

''  Palbastaous  (?)  OBNATUS,  Whitcaves. 
Palaattacm^  omata,  WhiteaTes,  1887,  Geol.  and  Nat.  Hist.  Surr.  Can.  Ann. 

Bep.,  ir.B.,  vol.  ii,  p.  161  £. 
PakMstaeut  (?)  omata,  Whiteaves,  1889,  Contrib.  Canad.  FalsBont.,  vol.  i,  pt.  ii, 
p.  183,  pi.  xxT,  fig.  3. 

**  The  foregoing  was  suggested  as  a  proyisional  name  for  a  rather 
remarkable  specimen  of  a  macrouran  decapod  which  evidently 
belongs  to  the  family  Aitacomorpha  of  Zittel  [1885].  Of  Cretaceous 
representatives  of  this  family  it  seems  to  come  nearest  to  such 
genera  as  Palaastacua  and  Hoploparia,  though  it  differs  from  each 
in  some  important  particulars.  In  many  respects  it  appears  to  the 
writer  to  be  still  more  nearly  related  to  the  recent  fresh-water 
genera  Astacus  and  CamharuSy  but  there  is  good  reason  for  supposing 
that  it  will  eventually  prove  to  be  the  representative  of  a  new 
generic  type,  which  at  present  there  is  not  sufficient  material  to 
define  satisfactorily. 

''Nearly  the  whole  of  the  under  surface  of  the  cephalothorax  of  the 
specimen  is  buried  in  the  matrix,  the  front  margin  of  the  carapace  is 
very  imperfect,  the  caudal  plates,  as  well  as  the  under  part  of  the 
five  abdominal  segments,  are  broken  off,  and  only  small  portions  of 
the  chelsd  and  of  the  other  ambulatory  legs  are  preserved  or  exposed* 

**  The  carapace  is  moderately  convex  and  slightly  depressed,  and 
not  quite  twice  as  long  as  broad.  It  is  divided  into  two  nearly 
equal  parts  by  a  single,  well-marked,  and  deeply  impressed  cervical 
furrow,  which  is  arched  forward  in  a  shallow,  concave  curve. 
Behind  this  furrow  the  lateral  margins  of  the  carapace  are  slightly 
expanded,  the  branchial  region  is  moderately  inflated,  and  the 
posterior  margin  is  slightly  concave  in  the  middle.  A  short  distance 
in  advance  of  the  cervical  furrow,  on  the  outer  and  lower  portion  of 
the  carapace,  on  each  side,  there  is  a  very  short  and  transverse  groove 
or  narrow  constriction,  which  may  possibly  be  confluent  with  the 
neck-furrow  on  the  strongly  curved  lateral  margins  of  this  part  of 
the  carapace.  The  exact  outline  of  the  anterior  margin  of  the 
carapace  cannot  be  ascertained,  and  the  tip  of  the  rostrum  is  broken 
off.  The  basal  portion  which  remains  is  about  seven  or  eight  milli- 
metres long.  At  the  base  it  measures  5  mm.  in  breadth,  and  at  the 
broken  anterior  extremity  its  breadth  is  2  mm.  Its  outer  margins 
are  defined  by  two  linear  and  acute,  tuberculated,  and  raised  longi- 
tudinal ridges,  between  which  the  surface  is  smooth  and  concavely 
excavated. 

"  The  whole  of  the  outer  surface  of  the  carapace  is  ornamented 
by  rather  distant,  isolated  tubercles.  In  its  posterior  moiety  these 
tubercles  are  somewhat  irregularly  disposed,  though  there  is  a  low, 
very  narrow,  and  rather  inconspicuous  keel  on  the  median  line,  on 
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either  side  of  which  the  oardiao  region  is  comparatively  smooth.  Oxt 
the  anterior  portion  of  the  oarapaoe  the  tuberoles  are  grouped 
somewhat  obscurely  in  two  or  three  longitudinal  rows  on  both 
sides  of  the  narrow  median  keel,  which  is  continued  with  greater 
or  less  distinctness  up  to  the  commencement  of  the  rostrum* 

«  The  anterior  chelsd  appear  to  have  been  short  and  robust,  while^ 
their  surface  ia  distinctly  tuberoulated.  The  portions  of  the  posterior 
ambulatory  legs  that  happen  to  be  preserved,  on  the  other  hand, 
are  very  slender,  and  their  surface  is  minutely  granulated.  The 
abdominal  segments  are  badly  preserved,  but  their  outer  surface 
seems  to  have  been  smooth,  though  a  narrow  median  keel  can  be 
traced  throughout  the  greater  part  of  their  dorsal  surface. 

''  Locality :  Sounding  Creek,  Township  30,  Bange  8 ;  west  of  the 
4th  Principal  Meridian,  1886. 

"  At  the  same  locality  and  date,  five  detached  chelsB,  apparently  of 
a  second  species  of  decapod  Crustacean,  were  collected  in  as  many 
concretionary  nodules.  These  claws  resemble  those  of  P.  omattu 
in  the  comparative  shortness  and  robustness  of  their  terminal 
segments,  but  the  outer  surface  of  the  latter  is  finely  granulated 
rather  than  coarsely  tuberculated." 

Ebtma  Dawsoni,  H.  Woodw.,  sp.  nov.     (PL  XVI,  Fig.  2.) 

Among  the  specimens  which  form  a  second  collection  sent  by 
Dr.  J.  F.  Whiteaves  (24th  September,  1898)  from  the  Geological 
Survey  of  Canada,  is  the  half  of  a  nodule  eontaining  an  Astacidean 
from  the  Upper  Cretaceous  of  the  north-east  side  of  Hornby  Island,^ 
British  Columbia,  collected  by  Mr.  J.  B.  Bennett  in  1898  (No.  55d). 

The  Crustacean  is  seen  in  profile  on  the  split  surface  of  a  nodule, 
and  exhibits  the  cephalothoraz,  with  its  stout  pair  of  chelate  limbs^ 
(or  forceps)  attached,  and  the  remains  of  the  four  pairs  of  succeeding 
ambulatory  legs,  the  six  abdominal  somites,  and  the  telson,  but 
the  lateral  lobe  of  the  tail-fin  was  probably  preserved  in  the  other 
half  of  the  nodule  not  sent.  The  branchiostegite  (covering  the 
branchisd)  is  broad  and  tumid,  and  the  branohiocardiac  groove  i» 
strongly  marked.  Starting  from  the  median  dorsal  line  as  a  V-sbaped 
furrow,  about  12  millimetres  from  the  posterior  border,  it  bends 
rapidly  forward,  becoming  deeper  on  each  side,  and  reaches  the 
lateral  border  24  mm.  in  advance  ;  here  it  unites,  close  to  the 
hepatic  lobe,  with  the  equally  deep  but  more  transverse  cervical 
furrow,  which  crosses  the  carapace  10  mm.  nearer  to  the  front. 
In  advance  of  the  cervical  groove  the  postorbital  ridge  and  spine 
can  be  seen,  also  the  base  of  one  of  the  antennules,  with  part 
of  one  of  its  flagella,  beneath  the  somewhat  short  rostrum,  and 
lower  down  the  base  of  one  of  the  outer  and  larger  antennae. 
The  surface  of  the  branchiostegite  is  marked  by  numerous  small 
tubercles  scattered  irregularly  over  the  surface.  The  branchial, 
cardiac,  and  hepatic  regions  are  also  similarly  tuberculated,  and 
very  tumid.  Length  of  carapace  48  mm,,  depth  of  side  26  mm. 
The  ambulatory  limbs  are  fairly  long  and  slender;  the  chelate 
limbs  measure  about  60mm.  in  length;    length  of  penultimate 
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Joint  35  mm.,  breadth  15  mm.,  length  of  ultimate  joint  20  mm. 
The  fingers  are  long  and  slender,  the  inner  edge  of  the  forceps 
being  denticulated;  wrist  6mm.  long  by  10mm.  broad.  The 
epimeral  border  of  each  abdominal  segment  is  falcate  in  contour. 

The  general  form  and  details  of  this  Crustacean,  so  far  as 
preserved,  clearly  mark  its  place  among  the  Astacidea,  or  under 
the  Astacomorpha  (as  defined  by  Huxley,  1881),  and  I  would 
suggest  that  Oppel's  name  of  Eryma  is  appropriate  for  it,  seeing  that 
it  agrees  very  closely  in  the  divisions  of  its  carapace  and  its  tubercu- 
lated  surface,  in  the  antennaa,  the  form  of  the  first  pair  of  forcipated 
chelsB,  and  the  proportions  of  its  abdomen,  with  E.  Perroni  and  other 
Jurassic  species. 

Oppel  observes^  that  no  examples  of  the  genus  Eryma  have  been 
found  in  rocks  younger  than  the  Jurassic,  and  that  the  Astacidse  of 
the  Chalk  are  placed  in  McCoy's  genera  Hoploparia  and  Enoplo' 
clytia,  but  in  this  instance  the  form  in  question  agrees  much  more 
closely  with  Oppel's  genus  Eryma  than  with  other  forms.  I  therefore 
propose  to  relegate  it  to  that  genus,  and  to  designate  it  by  the  specific 
name  of  JDawtoni,  in  honour  of  Dr.  G.  M.  Dawson,  C.B.,  F.B.S.,  the 
eminent  Director  of  the  Geological  Survey  of  Canada,  who  has  done 
such  splendid  work  in  the  field  in  mapping  the  geology  of  Britiah 
Columbia. 

EXPLANATION  OP  PLATES  XV  AND  XVI. 
(All  from  the  Upper  Cretaceous  formation,  and  drawn  of  the  natural  size.) 
Platb  XV. 
TiQ.  1.  Zinuparus   VaneouveremiSf  "WTiiteaves.     Dorsal  aspect  of  cephalothorax, 
showing  some  of   the  ambulatory  legs.     Puntledge  or  Comoz  River, 
Vancouver  Island,  British  Columbia. 
,,     2.  Zinuparus    Vaneouvtrensi*,     Hornby  Island.     Shows   cephalothoraz  and 

abdomen  united  and  smaller  walking  limbs. 
,,    3.  Zinuparus  Vaneouvm-entii.    Comox  River.    Shows  inner  surface  of  thorax, 
with   the   mandibles    (m.\   and   the  walking-legs;    also  bases  of  the 
antennules  and  upper  snriace  of  abdominal  somites. 
Platb  XVI. 
Fio.  1.  Zinuparus  Canadensis^  "WTiiteaves.    Under  side  of  cephalothorax. 
,,    2.  Eryma  Dawsoni,  H.  Woodw.     Hornby   Island.    Specimen  imbedded  in 
a  nodule  seen  in  profile.    Geological  Survey  Museum,  Ottawa. 
{To  hs  eontimtsd,) 

in. — Fossil  Mammalia  from  Egypt.    Part  IL 
By  Chas.  W.  Akduwb,  D.Sc,  F.G.S.,  British  Museum  (Nat.  Hist.). 

IN  addition  to  the  remains  of  the  large  Anthracotheroid  {Brachyodu$^ 
africanus)  described  in  the  first  part  of  this  paper  (Gbol.  Mao., 
Deo.  IV,  Vol.  VI,  1899,  p.  481),  the  collection  of  mammalian 
bones  from  the  Lower  Miocene  of  Moghara  also  includes  portions 
of  the  skeleton  of  a  small  rhinoceros.  Unfortunately  this  is  very 
poorly  represented,  there  being  only  an  incomplete  scapula  and  an 
atlas  Tertebra,  and  in  the  absence  of  any  portion  of  the  skull  or 
teeth  it  is  impossible  to  determine  the  species  to  which  it  may  have 
belonged.  As  was  pointed  out  in  Part  I,  the  age  of  the  deposit  is 
Burdigalien  (Lowest  Miocene),  and  it  is  therefore  contemporary 
with  the  Sables  de  TOrleanais  and  the  fresh«water  deposits  of 
^  Palaeontol.  Mittheilung.,  1862,  p.  22. 

DSCADB  rV.-^TOL.  Tn.— NO.  IX.  26 
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Eggenburg.  From  the  latter  no  rhmooeros  remains  are  recorded^ 
but  from  the  former  seTeral  species  seem  to  have  been  obtained. 
Of  these  only  one,  Aeeratherium  aurelianeMe,  has  been  described  and 
figured.^  Gervais,  on  the  authority  of  the  Abbe  Bourgeois,'  has  given 
a  list  of  fiye  species  from  the  Sables  de  rOrl6anais,  but  none  of  these- 
seem  to  be  true  Burdigalien  forms,  some  being  Middle  Miocene, 
others  Upper  Oligocene.  More  recently  Mermier'  has  described  and 
figured  a  fine  skull  and  mandible  of  an  Aeeratherium  from  the 
Burdigalien  of  Pont-de-Manne  in  Eoyans  (Drdme),  South-Eastem 
France.  Of  this  species,  to  which  the  name  A.  plaiyodon  has  been 
given,  nothing  beyond  Ihe  skull  and  mandible  has  been  described 
and  figured,  so  that  it  is  not  possible  to  compare  the  Egyptian 
specimens  with  it  Not  improbably,  when  further  remains  are 
obtained  from  Moghara  it  will  be  found  that  this  Egyptian  rhinoceros^ 
is  identical  with  A,  platyodon,  A.  aurelianense,  or  with  one  of  the 
other  species  which  actually  occur  in  the  Sables  de  TOrleanais,  but 
seem  to  have  been  so  far  confused  with  forms  from  other  horizons. 
The  extreme  hardness  and  generally  good  state  of  preservation  of 
the  Egyptian  bones  render  it  highly  probable  that  excavations  at 
Moghara  would  yield  very  complete  and  valuable  specimens,  and  it  ia 
to  be  hoped  that  such  a  systematic  search  may  sooner  or  later  be  made. 

The  (Ulas  is  somewhat  smaller  than  that  of  any  recent  rhinooeros,- 
but  at  the  same  time  it  is  relatively  longer ;  moreover,  the  cups  for 
the  occipital  condyles  are  much  deeper  and  are  separated  by  a  deeper 
notch,  and  the  surfaces  for  articulation  with  the  centrum  of  the  axis 
are  inclined  to  one  another  at  a  more  acute  angle  than  in  any 
rhinoceros  atlas  with  which  I  have  been  able  to  compare  it  The 
transverse  processes  are  much  broken  at  their  extremities,  which 
seem  to  have  been  expanded  to  a  oonsiderable  degree;  near  their 
bases  they  are  perforated  by  a  very  oblique  vertebrarterial  canal,  the 
ventral  opening  of  which  is  near  tiieir  middle  point,  the  dorsal  near 
their  anterior  border  just  external  to  the  outer  angle  of  the  articular 
surface  for  the  axis.  A  similar  canal  is  seen  in  the  atlas  of  some 
specimens  of  B.  hicornia,  but  is  absent  in  others,  so  that  it  cannot 
be  regarded  as  a  character  of  much  importance.  The  neural  arch 
is  narrow  from  before  back,  and  is  perforated  by  a  large  foramen  for 
the  first  spinal  nerve ;  the  impressions  of  the  nuchal  ligament  are  not 
strongly  marked,  probably  indicating  that  compared  with  that  of  the 
recent  homed  rhinoceroses  the  skull  was  light 

The  only  atlas  vertebra  of  any  of  the  older  forms  of  rhinoceros 
with  which  I  have  been  able  to  compare  this  specimen  is  that  of 
B.  iehleirmacheri,  described  and  figured  by  Kaup,  and  of  which 
there  is  a  cast  in  the  British  Museum.  From  this  atlas  our 
specimen  differs  as  widely  and  in  the  same  points  as  from  those 
of  recent  forms. 

'  Kernel,  ''  M6moire  rar  nn  nonTean  Ehinoo6ros  fossile,"  plfl.  i-v:  M6m.  de  la 
Sooi6t6  d'agricnltare,  sdencee,  belles-lettrw,  et  arts  d'Orieans,  Tiii,  1866,  p.  241. 

»  Gerrais:  "Zool.  et  Pal.  g^ndrales,"  ser.  i  (1867-9),  p.  167. 

t  Mennier,  '*Siir  la  d^couTerte  d'ane  nouTelle  eepeoe  d^Acerotherium'* :  Ann. 
Soo.  linn.  Lyon.,  torn,  zlii  (1896),  p.  163.  Also,  op.  dt,  torn,  xliii  (1896),  pp.  225 
and  357. 
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The  dimensions  of  the  atlas  are : 

mm. 

Oreatest  width  across  articulatioii  for  skull     140 

Greatest  width  across  articulatioii  for  axis       163 

Antero-posterior  width  of  base  of  the  transverse  prooen        94 

Height  of  neural  canal 70 

Wiath  of  nenral  canal 62 

In  the  imperfeot  right  soapula,  probably  belonging  to  the  same 
speoies,  the  supra-soapular  border,  the  upper  edge  of  the  spine,  and 
the  upper  portion  of  the  glenoidal  border  have  been  broken  away. 
The  most  notable  points  about  this  bone  are :  (1)  the  straightness 
of  the  coraooid  border,  whioh  for  the  greater  part  of  its  length  is 
parallel  to  the  base  of  the  spine ;  and  (2)  the  oomparative  narrow- 
ness of  the  presoapular  fossa.  In  both  these  points  the  fossil 
scapula  resembles  that  of  K  bieomis  more  nearly  than  those  of 
other  living  speoies,  but  its  ooraooid  border  is  still  straighter  and 
the  spine  is  less  inclined  backward  than  in  that  speoies.  In 
S.  unicomtB  the  width  of  the  bone  above  the  ooraooid  tuberosity 
is  relatively  considerably  greater,  the  ooraooid  border  more  convex, 
and  the  presoapular  fossa  somewhat  wider  than  in  the  fossil ;  but 
on  the  other  hand,  in  the  general  backward  curvature  of  the  blade 
there  is  considerable  similarity  in  the  two  forms.  The  scapula  of 
B.  iondaicui  is  widely  different,  being  much  more  expanded  and 
having  a  strongly  convex  ooraooid  border.  In  R,  simua  also  the 
ooraooid  border  is  convex,  the  presoapular  fossa  wider,  and  the 
coraooid  tuberosity  much  more  massive.  Another  point  which  dis- 
tinguishes this  scapula  from  those  of  recent  types  is  the  form  of  the 
glenoid  articulation,  which  is  ovate,  with  the  narrow  end  towards 
the  ooraooid  border ;  in  recent  forms  this  surface  is  nearly  circular, 
although  in  B,  indteus  there  is  some  indication  of  an  ovate  form. 

Comparison  with  fossil  forms  is  difiScult,  owing  to  the  fact  that 
the  scapula  is  seldom  figured,  and  that  there  are  scarcely  any 
specimens  in  the  Natural  History  Museum.  Amongst  the  scapulas 
of  whioh  figures  are  available  our  fossil  seems  to  approach  most 
nearly  to  that  of  R,  pachygnathuB,  from  the  Upper  Miocene  of 
Pikermi,  figured  in  Ghindry's  "Animaux  fossiles  et  Q^logie  de 
I'Attiqne,"  pi.  xxxi,  and  from  this  it  differs  in  much  the  same  points 
as  from  the  scapula  of  R.  bicomis. 

The  scapula  is  too  incomplete  to  give  any  accurate  measurements, 
but  its  approximate  dimensions  are  as  follows  : — 

mm. 

Glenoid  surface,  long  diameter 77 

Glendd  surface,  short  diameter -      62 

Width  immediately  ahoTe  coracoid  tuberosity 95 

Approximate  lengtii       360 

As  was  remarked  above,  the  remains  here  noticed  are  far  too 
incomplete  and  the  material  for  comparison  too  scanty,  for  it  to  be 
possible  to  say  more  than  that  the  bones  are  those  of  a  rhinoceros ; 
but  at  the  same  time  the  general  similarity  of  the  scapula  to  that 
of  B.  hieomii  and  R,  pachygnathus  suggests  the  probability  that  this 
Miocene  type  will  prove  to  belong  to  the  same  series  of  whioh  those 
speoies  are  members. 
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rv. — On  the  Constituents  of  the  Sands  and  Loams  of  the 
Plateau  Gbayel  ooouBsiNa  in  the  Pit  Sections  neab  Ash, 
Seyenoaks. 

By  Frbdbkick  Chapman,  A.L.S.,  F.E.M.S. 

I  AM  indebted  to  the  Bev.  Ashington  Ballen,  B.A  (London), 
F.Q.S.,  for  eight  samples  of  sands  and  loams  from  the  Plateaa 
Gravel  of  Kent,  which  he  has  placed  in  my  hands  for  examination 
with  the  microscope.  They  were  carefully  collected  by  Mr.  B. 
Harrison,  of  Ightham;  and  for  convenience  they  are  here  lettered 
A-H* 

The  sections  of  these  and  other  pits,  made  under  a  grant  from 
the  British  Association  in  1895,  are  published  in  the  Beport  of  the 
British  Association  for  that  year. 

A. — ^A  greyish  or  mottled  clay,  at  8  ft.  6  in.  The  proportion  of 
argillaceous  material  washed  from  this  sample  was  73  per  cent, 
leaving  a  residuum  of  27  per  cent  of  fine  and  coarse  sand.  The 
sandy  residue  consists  of  very  fine  angular  quartz  and  pale 
glauconitic  fragments.  There  is  also  a  large  proportion  of  accreted 
sand-grains,  some  of  which  simulate  rhizopodal  tests,  if  they  are 
not  actually  such,  and  resemble  genera  which  affect  sandy  and 
shallow  marine  areas. 

B.— A  pebbly  loam,  from  Pit  No.  2,  at  3  ft.  6  in.  ("Ash,  1896 "). 
A  large  proportion  of  this  material  consists  of  well-rounded  pebbles 
of  flint,  with  an  occasional  subangular  fragment.  The  sandy  residue 
after  washing  is  seen  to  be  composed  of  angular  chips  of  flint  and 
quartz,  with  some  ferruginous  matter. 

C. — A  grey  sandy  loam  from  Pit  No.  1,  at  6  feet.  This  material 
is  excessively  fine.  After  the  finest  sand  and  clay  was  removed 
by  washing,  the  residuum  amounted  to  45  per  cent.  A  part  of 
the  washings  was  treated  for  heavy  minerals,  of  which  there  is 
a  noticeable  quantity.  The  average  size  of  these  mineral  particles 
is  about  *05  mm.  in  diameter.  They  consist  of  (1)  Hornblende,  a  few 
fragments,  some  with  a  decided  blue  tint  suggestive  of  Biebeckite; 
(2)  Chloriie,  several  flakes ;  (3)  TourmaUne,  numerous  and  in  very 
perfect  crystals  grey  to  greenish-brown ;  (4)  Kyanite,  a  few  flakes ; 
(5)  Qlauconite,  numerous  rounded  granules ;  (6)  Zircon,  exceedingly 
common,  some  well-formed  crystals  with  prism  of  1st  order  and 
pyramids  of  2nd  order ;  also  badly  developed  crystals  with 
rounded  angles,  good  examples  of  zoning,  cavities,  and  inclusions ; 
(7)  Rutile,  many  examples,  including  both  short  and  long  prisms, 
of  a  fine  red-brown  colour.  The  above-mentioned  minerals'  are 
much  smaller  than  any  others  I  have  met  with,  either  in  the  Bagshot 
Sands  or  the  Lower  Greensands,  but  in  many  respects  are  like  those 
from  the  first-named  deposits.  The  quartz  grains  are  very  minute 
and  perfectly  angular.  There  are  also  a  few  cherty  and  accreted 
fragments  present. 

D, — A  pebbly  loam,  from  Pit  No.  2,  at  8  feet.  Somewhat  similat 
to  the  preceding;  with  a  difference  in  the  character  of  the  pebbles, 
which,  although  roimded,  are  split  apparently  by  frost  action.    The 
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fine  Band  is  interesting  on  aooonnt  of  its  diverse  nature,  consisting 
chiefly  of  angular  fragments  of  quartz,  with  numerous  subangular 
and  partially  rounded  quartz  and  flint  grains,  and  very  rarely 
a  probably  wind-polished  grain  of  quartz.  A  sponge-spicule  was 
noticed  in  this  sample. 

E. — An  umber-coloured  clay,  from  Pit  No.  2,  at  8  feet  This 
specimen  yielded  a  residuum,  on  washing  away  the  flne  argillaceous 
portion,  of  42  per  cent  This  consists  of  fine  angular  quartz  sand, 
and  a  smaller  proportion  of  accreted  particles,  of  an  umber-brown 
colour. 

F. — A  bright  ochreous  yellow  sandy  rock,  of  fine  textiure,  from 
Pit  No.  2,  at  8  feet.  The  fine  argillaceous  and  ochreous  portions  of 
this  rock  were  separated  by  decanting  after  stirring  and  allowing 
the  washings  to  settle  for  20  seconds.  This  gave  a  residuum  of 
72  per  cent  The  fine  portion  consists  of  minute  grains  of  quartz, 
very  angular,  and  associated  with  them  were  some  flakes  of  limonitic 
material.  A  small  proportion  of  the  residue  is  much  coarser  and 
floats  easily.  It  consists  of  tubular  and  reticulose  or  pitted  fragments 
of  a  purple-brown  colour,  somewhat  of  the  nature  of  *  race.'  The 
reticulate  surface  may  possibly  be  due  to  the  impress  of  sand-grains. 
Some  of  the  particles  in  this  residue  have  a  chalky  appearance,  and 
are  doubtfully  comparable  with  worn  specimens  of  foraminifera ; 
there  are  also  a  few  fragmentary  sponge-spioules.  The  rarer 
minerals  are  also  present  in  some  abundance  in  this  sand,  such 
as  zircon,  tourmaline,  rutile,  and  kyanite. 

G. — A  pale  ochreous  sandy  clay,  from  Pit  No.  2,  at  8  ft.  2  in. 
The  residuum  after  washing  was  40  per  cent  The  chief  part  of 
the  sand  consists  of  angular  and  subangular  quartz  grains,  vrith 
a  smaller  quantity  of  flinty  particles,  and  with  a  few  larger  accreted 
fragments  of  a  dark  umber  colour.  Some  of  the  large  quartz  grains 
show  evidence  of  wind-polishing. 

H. — Sand  with  iron-oxide  cemented  to  an  eolith,  from  a  pit  at 
Ash  in  the  gravel  that  occurs  at  8  feet  The  separated  sand-grains 
carry  a  more  or  less  thick  covering  of  ferruginous  cement.  The 
finer  sand-grains  consist  of  sharply  angular  quartz  fragments ;  the 
larger  grains  are  angular,  subangular,  and  rounded,  or  even  highly 
polished,  fragments  of  quartz,  chert,  and  flint.  Several  of  the 
particles  noticed  are  of  foraminiferal  origin,  consisting  of  pale 
glauoonite.  One  very  perfect  cast,  in  apple-green  glauconite,  was 
here  noticed,  and  identified  as  that  of  Olobigerina  cretacea,  D'Orb. 

Belies  of  minute  marine  fossils  (some  certainly  from  the  Chalk) 
occur  in  the  samples  of  loams  and  sands,  D,  F,  and  H.  The  sand- 
grains  of  flint,  chert,  glauconite,  and  quartz  are  referable,  of  course, 
to  the  Chalk,  Qreensands,  and  to  some  more  ancient  rooks,  and  may 
have  passed  through  several  stages  of  erosion  and  sedimentation 
before  their  deposition  in  these  gravel-beds.  The  presence  of  the 
rarer  '  heavy  minerals '  indicates  very  much  older  rocks  as  their  real 
source ;  but  they  probably  formed  part  of  other  beds  in  succession, 
as,  for  instance,  in  the  Bagshot  Sands,  to  which  allusion  is  made  in 
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the  note  on  B.  Indeed,  it  has  ocoarred  to  me  that  the  brown  clay- 
seam  on  the  top  of  the  Baised  Beach  at  Aldrington,  near  Brighton, 
and  which  contains  so  many  '  heavy  minerals '  in  the  residue,^  has 
been  derived,  similarly  to  the  plateau  drift  here  described,  from  an 
older  bed  common  to  both  areas. 


V. — Paljbolithio  Flint  Implkiuents    from   thb    Chalk  Downs 

or    THB    ISLB    OF    WlGHT    AND    THS    VaLLSTS    OF    THS     BiTSBS 

Wbstsbn  Tab  and  Stoub. 

By  S.  Haszledins  Wabebn,  F.O.S. 

IN  taking  my  first  walk  over  West  High  Down,  near  Freshwater 
Bay,  in  May  of  last  year,  I  fonnd  that  the  ground  had  been 
ploughed  up  by  traction  engines  drawing  heavy  guns  to  some 
new  forts  on  the  Needles  Point,  then  in  course  of  construction. 
Thinking  that  there  might  be  some  Neolithic  implements  turned 
up,  I  examined  the  ruts,  when  almost  the  first  thing  I  saw  was 
a  PalsBolithic  implement.  It  was  ovate  in  form,  3}  inches  long 
by  2f  inches  broad,  thin,  very  slightly  twisted,  well  made  and 
symmetrical  though  not  elaborately  finished,  and  ochreous  and 
almost  unabraded  in  condition.  So  fjEir  as  I  am  aware,  this  is  the 
first  PalaBolithic  implement  that  has  been  found  in  the  district* 

Not  a  single  stone  had  been  thrown  down  to  make  a  road,  and 
from  the  first  I  felt  sure  that  it  had  been  turned  up  on  the  spot 
The  following  day  I  took  a  trowel  with  me,  and  discovered  that 
there  was  a  drift  of  stony  clay ;  in  this  I  found  a  PalsBolithio  core 
at  a  depth  of  19  inches  from  the  surface,  though  the  width  of  my 
hole  at  that  depth  was  scarcely  larger  than  the  size  of  the  core. 

Through  a  mutual  friend  I  obtained  the  consent  of  the  owner  of 
the  land,  Mr.  Oranville  Ward,  of  Weston  Manor,  Totland,  and 
Northwood,  Cowes,  to  dig  further.  The  following  sections  will 
show  the  general  character  of  the  deposit 

Hole  A,  about  35  yards  north  of  where  the  first  implement  was 
found,  and  at  a  slightly  lower  level. 

feet  inohes. 

4.  Surface  soil 1        0 

3.  Loam,  with  stones  similar  to  those  in  the  larer  below      ...        0      6-9 
2.  Lajer  of  stones:   composed  of  flint  nodnles;   fractored, 
unabraded,    whitened   flints ;    fractured,    red-stained, 
scratched,  and  brown  abraded  flints  ;    Tertiary  flint 
pebbles  and  ironstone ;  and  PalaBolithic  implements    ...        0        8 
[1a.  In  places,  over  an  area  of  from  1  to  3  sauare  feet,  the 
stained  and  scratched  flints  were  found  in  tne  yellow  clay 
below  the  layer  of  stones.    Here  implements  were  mon 
abundant,  the  flakes  sometimes  almost  touching  each 
other.] 
1.  Yellow  clay,  with  yellowish  white,  or  grey,  fractured, 
unabraded  flints,  and  some  Tertiary  flmt  pebbles  and 
ironstone       Seen  to        1        9 

3        6 

*  Proo.  Geol.  Assoc.,  yoI.  xvi  (1900),  p.  266. 

*  For  an  account  of  the  disooyeries  at  the  other  extremity  of  the  island,  see 
T.  Codrington,  Quart.  Joum.  Geol.  Soc.,  yoI.  xxvi  (1870),  p.  642 ;  and  Sir  Joha 
Evans,  *'  Ancient  Stone  Implements  of  Great  Britain,''  2nd  ed.  (1897),  p.  626. 
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Hole  B,  verj  near  where  the  first  implement  was  found. 

feet  inehei. 
4.  Surface  soil 0       8 

3.  Layer  of  stones:  composed  of  whitened,  nnabraded  flint 

fragments ;  Tertiary  flint  pebbles  and  ironstone  ;  some 

ocl^us  ^t  fragments;  and  Palesolithic  implements        0      2-4 

2.  Yellow  day:  foil  of  small,  yellowish-white,  nnabraded 

fragments  of  flint ;  flint  nodnles ;  a  good  many  Tertiary 

peboles ;  and  some  ironstone       1  ft  Sin.  to  1      ^0 

1.  Boiled  chalk  rabble,  with  a  Tery  nneren  inrfaoe 

Seento2ft.  4in.tol        9 

4       6 
Between  these  two  sections  I  fonnd — 

6.  Surface  soil 

4.  Layer  of  stones,  as  in  hole  B  

3.  Loam,  as  in  hole  A 

2.  Layer  of  stones,  as  in  hole  A  

1.  Yellow  clay,  as  in  holes  A  and  B 


It  is  thus  seen  that  the  lower  layer  of  stones  and  the  loam  above 
disappear  just  beyond  where  the  upper  layer  of  stones  oomes  on. 
I  have  traced  this  upper  layer  for  a  distance  of  80  or  100  yards 
to  the  south,  while  at  some  70  yards  beyond  this  point  I  found 
fitony  clay,  with  no  definite  stratification,  to  a  depth  of  2  ft.  6  in. ; 
how  much  deeper  it  may  be  I  do  not  know.  The  lower  layer  of 
stones  I  found  to  preserve  its  character  over  an  area  of  more  than 
100  square  yards,  with  no  sign  of  its  termination  to  the  north 
or  west 

The  implements  are  generally  abraded,  sometimes  only,  very 
slightly,  but  often  to  a  considerable  extent  Many  of  them  are 
much  altered  and  corroded,  and  rough  and  unpleasant  to  the  touch. 
These  are  stained  either  of  a  dirty  reddish-brown  or  yellow  colour, 
and  are  often  very  blotchy  in  appearance.  But  in  and  above  the 
lower  layer  of  stones  (bed  2  of  hole  A)  many  of  them,  though 
abraded  on  the  edges,  are  not  so  altered ;  some  of  these  are  stained 
of  a  fairly  rich  red,  but  a  larger  number  are  nearly  of  their  original 
colour.  It  is  not  improbable  that  these  may  belong  to  a  later 
phase  of  the  Palsdolithic  period  than  the  corroded  forms,  but  my 
oollection  is  not  large  enough  to  warrant  a  definite  conclusion  on  the 
matter.  The  Stoke  Newington  district,  so  admirably  worked  out  by 
Mr.  Worthington  Smith,  affords  an  excellent  standard  of  comparison 
for  three  phases  of  the  Palsdolithic  period.  I  have  a  considerable 
<x)llection  from  that  district,  and  the  corroded  implements  from 
High  Down  certainly  suggest  a  parallelism  with  the  oldest  of  Stoke 
Newington ;  while  the  non-corroided  examples  suggest  the  latest  or 
Le  Moustier  phase  rather  than  the  intermediate  or  Biver  Drift 
proper,  though  no  definite  Le  Moustier  types  have  been  found  by 
me  on  High  Down.  One  of  those  from  the  lower  layer  of  stones 
on  High  Down,  a  pointed  implement,  6  inches  long  by  2  inches 
broad,  and  possessing  the  peculiarity  of  being  triangular  in  section, 
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is  similar  in  type  to  one  of  the  Le  Monstier  period  of  Stoke 
Newington  in  mj  oollection.  Both  owe  their  form,  in  great  part, 
to  the  natural  fractore  of  the  flint,  and  are  merely  trimmed  to 
a  serviceable  shape  by  a  small  number  of  blows. 

The  original  ovate  implement  that  I  first  found  oame  from  the 
upper  layer  of  stones,  and,  like  several  others  (flakes  and  cores) 
firom  that  level,  it  is  stained  of  a  yellow  colour,  though  not  deeply 
altered,  and  practically  unabraded ;  but  one,  a  straight-edged  scraper, 
belongs  to  the  corroded  series,  and  its  surfaces  are  covered  with 
the  characteristic  scratches.  From  bed  1a  of  hole  A  I  have  an 
excellent  core,  3^  inches  long  by  2\  inches  wide,  showing  three 
straight  parallel  facets,  flaked  with  a  skill  that  is  rarely  seen  among 
earlier  Palaeolithic  finds. 

The  corroded  examples,  like  the  earlier  Palaeolithic  implements 
from  Stoke  Newington  and  elsewhere,  nearly  always  bear  evidence 
of  having  been  twice  abraded  :^  once  before,  and  again  after,  they 
received  their  ochreous  patina;  showing  them  to  have  been  derived 
from  an  earlier  drifk. 

The  greatest  depth  at  which  I  have  dug  an  implement  in  the 
High  Down  drift  is  3  ft  6  in. ;  I  have  several  from  about  3  feet, 
but  the  greater  number  are  from  1  ft  6  in.  to  2  feet 

The  position  in  which  this  drift  occurs  is  interesting  and 
suggestive.  The  range  of  the  chalk  downs  is  breached  down  to 
sea-level  at  Freshwater  Bay  by  the  former  course  of  the  Western 
Yar.  From  this  point  westward  the  downs  rise  steadily  to  483  feet 
above  Ordnance  Datum  at  the  summit  of  East  High  Down,  on 
which  eminence  the  Tennyson  memorial  cross  has  been  erected. 
From  this  point  the  ridge  of  the  downs  falls  steeply  to  361  feet  O.D., 
and  thence  rises  gradually  to  462  feet  O.D.,  the  summit  of  West 
High  Down,  not  far  from  the  Needles  Point  It  is  in  the  low  part,- 
between  East  and  West  High  Down,  that  the  Palaeolithic  drift 
occurs.  So  far  as  I  can  make  out,  the  actual  lowest  point  is 
361  feet  O.D. ;  but  there  is  little  or  no  drift  here.  The  main  mass 
of  it  occurs  at  from  75  to  150  yards  to  the  west  of  the  lowest  point, 
and  at  a  level  of  perhaps  4  or  5  feet  above  it  This  spot  I  shall  for 
convenience  refer  to  as  **  the  drift  area." 

This  drift  area  extends  only  for  about  75  yards  from  east  to  west, 
or  along  the  ridge  of  the  downs,  but  I  have  traced  it  for  a  much 
greater  distance,  both  southward  towards  the  sea  and  also  northward 
down  the  steep  dip  slope  of  the  chalk  on  to  the  ridge  across  the 
Eocene  valley  presently  to  be  mentioned. 

Opposite  the  drift  area  on  the  chalk  downs  is  Headon  Hill, 
897  feet  in  height,  formed  of  Oligocene  strata  capped  by  30  feet 
of  drift  gravel.  Between  Headon  Hill,  the  highest  ground  on 
the  Tertiary  area,  and  the  drift  area,  there  is  a  ridge  across  the 
intervening  Eocene  valley  at  about  270  to  280»  feet »  O.D.  Thia 
ridge  forms  a  water-parting  between  the  stream  flowing  westward 
into  Alum  Bay  and  that  flowing  north-eastward  into  Totland  Bay. 

^  The  levels  for  this  district  are  not  published  by  the  Ordnance  Sorrey.  Those 
with  an  asterisk  are  approximate  aneroid  Wels  taken  by  myself. 
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As  already  mentioned,  the  implementiferous  clay  drift  extends  down 
from  the  chalk  downs  on  to  this  ridge,  and  I  have  found  a  number 
of  mde,  ochreons,  and  much  abraded  Palasolithic  implements  on 
a  ploughed  field  here. 

There  can  be  little  doubt  that  the  gap  in  the  chalk  downs  with 
its  PalaBolithio  drift,  the  ridge  across  the  Eocene  valley,  and  the 
lafge  mass  of  gravel  capping  Headon  Hill,  are  closely  connected 
with  each  other  in  their  origin.  The  Headon  Hill  gravel  is 
stratified  in  irregular,  confused  masses  ;  it  is  composed  of  flint 
nodules,  often  more  or  less  battered  and  rolled  on  their  projecting 
branches,  fractured  fragments  of  flint  that  are  practically  unabraded, 
together  with  a  certain  number  of  flint  pebbles  derived  from  the 
Tertiary  beds,  but  no  debris  from  strata  below  the  chalk  nor  any 
foreign  erratics.  Headon  HiU  is  now  quite  isolated,  with  the 
exception  of  the  ridge  at  about  270*  feet  O.D.  that  connects  it  with 
the  chalk  downs,  so  that  the  gravel  capping  it  is  evidently  a  very 
early  drift,  possibly  Pliocene,  but  certainly  long  anterior  to  the 
Palsoolithic  drift  on  High  Down.  It  appears  to  me  to  be 
a  terrestrial  and  not  a  marine  deposit ;  and  to  have  been  swept 
down  along  the  line  of  the  col,  if  I  may  so  term  it,  that  now  forms 
the  gap  between  East  and  West  High  Down,  at  a  time  when  the 
chalk  range  was  several  hundred  feet  higher  than  it  is  now. 

It  seems  to  me  that  this  is  the  simple  and  natural  explanation  of 
the  Headon  Hill  gravel ;  but  I  find  a  greater  difficulty  in  explaining 
the  Palsdolithic  drift  on  the  downs.  I  at  first  thought  that  it  belonged 
to  a  stream  flowing  northward  into  the  old  Solent  River  from  land  ta 
the  south  that  had  since  been  destroyed  by  the  sea.  But  there  are 
various  objections  to  this  view.  Firstly,  the  surface  of  the  downs 
slopes  southward  from  the  drift  area  at  about  365*  feet  O.D.  down  to 
about  290*  feet  O.D.,  where  it  is  cut  off  by  the  present  sea-cliff;  and 
has  apparently  continued  to  slope  downwards  to  a  still  lower  level 
before  the  sea  had  encroached  to  its  present  position.  So  that  from 
the  contours  of  the  downs  the  difficulty  of  a  stream  flowing  from  the 
south  is  quite  as  great  as  that  of  one  flowing  from  the  north  (or 
north-west),  and  from  other  considerations  far  greater.  Secondly, 
the  very  abundant  remains  of  Tertiary  strata,  in  the  shape  of  flint 
pebbles  and  ironstone,  that  are  found  in  the  drift,  would  necessitate 
the  supposition  of  Tertiary  outliers  to  the  south,  if  it  had  come  from 
that  direction,  which  a  glance  at  the  geological  structure  of  the 
district  shows  one  to  be  an  unjustifiable  assumption  ;  without  going 
back  to  a  time  long  anterior  to  the  PcJedolithio  drift.  Supposing  the 
drift  to  have  come  from  the  north  or  north-west,  the  difficulty  is 
only  one  of  some  90*  feet,  that  is,  the  difference  between  the  ridg& 
of  the  Eocene  valley  and  Uie  level  of  the  drift.  And  as  the  ridge 
is  being  cut  back  on  both  sides  by  the  streams  flowing  westwards 
into  Alum  Bay  and  north-eastwards  into  Totland  Bay,  the  difficulty 
is  not  a  great  one.  Further,  it  appears  to  me  that  not  only  Alum 
Bay  Chine  itself,  but  the  whole  valley  from  the  ridge  westwards, 
which  is  only  f  mile  long,  is  comparatively  modem ;  that  it  was 
formerly  occupied  by  Tertiary  beds,  and  that  the  drainage  flowed 
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-eastwards  and  then  north-eastwards  through  what  is  now  Totland 
Bay  into  the  old  Solent  River.  At  the  time  the  Headon  Hill  gravel 
was  deposited,  at  least,  it  is  manifest  that  this  valley  could  have  had 
no  existence,  but  that  the  base-level  of  the  Headon  Hill  gravel 
at  360  to  370  feet  O.D.  was  then  the  lowest  ground  at  the  foot  of 
the  ohalk  range,  flanked  by  Tertiary  beds.  The  great  mass  of  this 
gravel  would  resist  the  forces  of  erosion  much  more  powerfully  thaa 
the  soft  Eocene  sands,  and  thus  gradually  become  isolated  by  the 
cutting  away  of  those  strata.  If  this  view  be  correct,  the  Palsoolithio 
drift  on  High  Down  belongs  originally  to  an  early  stage  in  the 
formation  of  the  Eocene  valley,  though  it  has,  in  part,  been  re- 
drifted  at  various  later  times. 

I  have  also  found  Palsoolithic  implements  in  the  gravels  of  the 
Western  Yar.  In  Pleistocene  times  this  river  flowed  about  a  mile 
to  the  south  of  Brightstone  and  Brook,  then  over  what  is  now 
Oompton  Bay,  and  through  the  gap  in  the  Chalk  downs  at  Fresh- 
water Bay,  to  join  the  old  Solent  Biver  near  Yarmouth.  The 
Pleistocene  gravels,  with  their  accompanying  brickearth,  seen  along 
the  cliff  section  from  Brightstone  Orange  Chine  to  Compton  Bay, 
occur  in  terraces  at  from  60  to  120  feet  O.D.  The  highest  tenaoe 
is  called  *  Plateau  Oravel '  by  the  (^logical  Survey,  but  I  cannot 
agree  with  thus  giving  it  a  separate  title,  especially  as  it  has  little 
in  common  with  those  drift  deposits  that  usually  go  by  that  name. 
I  have  not  been  successful  in  finding  any  implements  along  the  cliff 
here,  but  I  think  if  they  were  carefully  watched  as  falls  take  place 
from  time  to  time,  that  implements  would  very  probably  be  found  in 
them,  perhaps  most  abundantly  in  the  upper  terrace. 

On  the  other  side  of  Freshwater  Oate  I  have  found  Palssolithio 
Implements  in  a  patch  of  gravel,  not  marked  on  the  Survey  Map, 
that  caps  an  isolated  knoll  at  about  95  •  feet  O.D.  It  is  evidentiy 
a  remnant  of  a  river  terrace  that  has  been  almost  entirely  destroyed 
by  denudation.  Nearer  Freshwater  Church  there  is  another  knoll 
which  forms  the  highest  ground  for  some  distance  round.  This  is 
also  capped  by  gravel,  though  not  so  coloured  on  the  Survey  Map. 
The  elevation  of  this  knoll  is  about  10  or  15^  feet  below  the  level 
of  the  other  patch ;  but  as  the  thickness  of  the  gravel  here  appears 
to  be  only  4  or  5  feet,  whereas  the  thickness  in  the  other  knoll  ia 
10  feet  or  more,  the  level  of  the  two  very  closely  corresponds,  and 
they  are  evidently  remnants  of  the  same  terrace.  There  are  also 
terraces  at  lower  levels  about  Freshwater,  but  I  have  not  at  present 
succeeded  in  finding  any  implements  on  them. 

Both  the  gravels  of  the  cliffs  near  Brook  and  Brightstone,  and 
also  those  of  Freshwater,  contain  occasional  pebbles  of  Palasozoio 
rocks.  These,  I  think,  have  most  probably  been  derived  from 
Lower  Cretaceous  strata.  In  the  gravels  on  the  left  bank  of  the 
old  Solent  Biver  about  Bournemouth  erratics  are  far  more  numerous ; 
and  they  have  doubtless  been  derived  from  the  west,  as  maintained 
by  Mr.  A.  E.  Salter.^     In  going  over  the  gravels  of  that  district 

»  Proc.  Geol.  Assoc,  toI.  xt  (1898),  p.  277;  see  also  E.  Godwin-Aiwten, 
Quart.  Joum.  Geol.  Soc,  toI.  xiii  (1867),  p.  46. 
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I  noticed  in  the  Plateau  Oravels  from  Oanford  Heath  to  beyond 
Talbot  Village,  and  also  on  the  isolated  St  Catherine's  Hill  ^  near 
Christchnroh,  that  erratic  pebbles  are  very  abundant,  though  flint 
forms  the  bulk  of  the  gravel  so  far  as  the  larger  stones  are  oon- 
oemed ;  but  with  the  coarse  giit  (pieces  of  from  ^  to  ^  inch  in 
diameter)  a  large  proportion  of  its  bulk  is  composed  of  those 
erratics.  The  same  is  the  case  with  the  gravels  already  mentioned 
belonging  to  the  old  Solent  Biver  that  are  exposed  in  the  cliffs  from 
Brcmksome  to  Southboume,  and  in  many  pits  about  Bournemouth. 
But  as  soon  as  one  crosses  the  ridge,  capped  by  Plateau  Gravel, 
into  the  valley  of  the  Stour,  one  finds  that  the  bulk  of  the  grit  is 
•composed  of  flint  with  some  quartz ;  indeed,  I  looked  a  loog  time 
before  I  found  a  single  erratic  in  the  grit,  though  I  had  found  one 
or  two  of  larger  size.  This  was  surprising  to  me,  as  I  had  previously 
thought  that  the  lower  terrace  gravels  were  formed  out  of  the 
materials  of  those  at  a  higher  level,  merely  relaid  at  a  lower  level 
as  the  excavation  of  the  valley  proceeded.  But  this  is  evidently 
not  the  case  in  this  instance.  One  sees  from  the  great  difference 
in  the  composition  of  the  grit  that  the  gravels  of  Moordown  and 
WintoUy  in  the  Stour  valley,  are  quite  independent  in  their  origin 
of  those  of  Can  ford  Heath,  from  which  one  would  naturally  have 
imagined  them  to  have  been  derived. 

About  Moordown  there  is  a  very  well  developed  terrace  at  70  or 
80  feet  above  the  Biver  Stour,  in  which  I  have  obtained  a  number  of 
Pal89olithic  implements,  both  pointed  and  ovate.  One  is  of  a  rather 
rare  type,  with  an  almost  adze-like  cutting  edge.  If  inches  wide, 
the  whole  blade  being  6  inches  long  by  3^  inches  wide.  I  am 
not  aware  that  PalaBolithic  implements  have  previously  been  re- 
corded  from  this  locality.  Indeed,  Sir  John  Evans,  in  the  last 
edition  of  his  "  Ancient  Stone  Implements  of  Great  Britain  "  (1897, 
p.  634),  says :  "  In  the  basin  of  the  Stour,  which  joins  the  Avon 
at  Ghristchurch,  but  one  discovery  has  been  made."  This,  he 
proceeds  to  say,  was  in  gravel  dug  near  Wimbome  Minster,  but  not 
in  situ  In  the  gravel  of  Little  Down  Common  I  also  found  a  flake, 
though  I  visited  the  pit  but  once,  and  then  for  a  short  time  only ; 
I  have  no  doubt  that  a  more  extended  search  would  be  fully 
rewarded.  This  gravel  also  belongs  to  the  valley  of  the  Stour, 
and  the  grit  is  wanting  in  erratics. 

From  the  gravels  of  the  Western  Yar  about  Freshwater,  I  have 
obtained  a  number  of  much  abraded  brown  flints,  with  battered 
edges,  resembling  the  so-called  *Eolithic'  implements  from  the 
chalk  downs  of  Kent.  I  feel  no  little  hesitation  in  attributing  the 
majority  of  these  to  human  agency.  Both  from  Freshwater  and 
elsewhere,  I  have  Eolithic  types  (whether  they  be  implements  or 
not),  the  chippings  upon  which  are  contemporary  with  the  Biver 
Drift  series  proper,  that  is,  later  than  the  earlier  Palaeolithic  forms.* 

*  There  is  danger  in  visiting  the  pits  on  the  summit  of  this  hill,  owing  to  the 
proximity  of  the  rifle-hutts,  and  there  is  nothing  to  warn  one.  I  narrowly  escaped 
oeing  shot  here  in  February  last. 

'  1  have  some  in  which  the  chippings  are  contemporary  with  Neolithic 
implements. 
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So  that  the  finding  of  a  few  Eolithic  types,  even  supposing  then> 
to  be  truly  worked  by  man,  would  not,  apart  from  other  evidence, 
prove  any  great  antiquity.  A  certain  number  of  undoubted  im- 
plements, similar  to  the  (derived)  earlier  Palaaolithic  types  of  the 
river  gravels,  have  certainly  been  found  in  the  high-level  drift  of 
Kent.  I  at  first  hoped  that  some  light  might  be  thrown  on  the 
question  of  Eolithic  man  by  the  drift  on  High  Down ;  but  I  have,  at 
present  at  least,  no  evidence  to  offer  bearing  very  directly  on  this 
problem. 


Shkbbobn's  Index  Amimalitjh. — ^Beport  of  a  Committee,  consisting 
of  Dr.  H.  WooDWABD  (Chairman),  Mr.  P.  L.  Solatbb,  the 
Bev.  T.  R.  R.  Stbbbing,  Mr.  R.  MoLaohlan,  Mr.  W.  E.  Hoylb, 
and  Mr.  F.  A.  Batheb  (Secretary),  appointed  to  superintend  the 
Compilation  of  an  Index  Animalium. 

THE  examination  of  the  literature  published  from  1758  to  1800 
inclusive  has  been  continued  by  Mr.  C.  Davies  Sherbom,  to 
whom  facilities  have,  as  heretofore,  been  granted  by  the  authorities 
at  the  British  Museum  (Natural  History).  Between  July,  1898, 
and  June,  1899,  he  has  seen  and  indexed  1,528  volumes  and  tracts, 
and  has  now  reduced  the  list  of  desiderata  to  about  500  items. 
Of  these  scarcely  100  are  likely  to  be  of  any  importance  to  the 
systematic  zoologist ;  but  every  effort  will  be  made  to  consult  them, 
80  as  to  be  certain  that  everything  has  been  recorded. 

The  Committee  desires  to  express  its  grateful  thanks  for  the  loan 
of  rare  and  valuable  books,  and  for  information  concerning  them,  to 
the  following : — The  Hof-naturalien  Kabinet  of  Vienna,  Dr.  Eduard 
Suess,  and  Dr.  Steindachner ;  Dr.  F.  A.  Jentink,  of  Leyden ; 
Akademiker  F.  Schmidt,  of  St  Petersburg ;  the  Stadt-Bibliothek  of 
Ziirich,  Dr.  Eschner,  and  Professor  Renevier;  the  Hon.  Walter 
Rothschild  and  Mr.  Hartert;  Sir  Edmund  Loder;  Mr.  Du  Cane 
Godman  and  the  late  Mr.  0.  Salvin  ;  Lord  Walsingham  and 
Mr.  J.  H.  Durrant ;  Professor  Amalitzky,  of  Warsaw ;  Prof.  Anton 
Fritsch  and  Dr.  Jan  Pernor,  of  Prague ;  Professor  Alfred  Newton ; 
Mr.  W.  E.  de  Winton  ;  Mr.  Gerrit  S.  Miller,  of  Washington ; 
Mr.  A.  C.  Seward,  of  Cambridge ;  and  Prof.  H.  A.  Miers,  of  Oxford. 
Dr.  Philippe  Dantzenberg,  of  Paris,  has  also  greatly  aided  the 
compiler  in  his  efforts  to  obtain  the  loan  of  a  rare  catalogue.  The 
editors  of  "  Nature  "  and  "  La  Feuille  des  jeunes  Naturalistes  "  have 
lent  valuable  aid  in  publishing  lists  of  desiderata.  Of  the  generosity 
of  the  Vienna  Kabinet,  the  Zurich  Library,  and  Dr.  Jentink,  all  of 
whom  have  sent  over  their  treasures  for  inspection,  the  Committee 
cannot  speak  too  highly. 

Again  the  special  and  hearty  thanks  of  the  Committee  are  due  to 
the  Zoological  Society  of  London  for  pecuniary  assistance,  which 
will,  as  in  the  past,  greatly  facilitate  the  work  of  procuring  access  to 
this  rare  literature. 
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The  reference  slips  themselves  are  now  in  alphabetical  order,  and 
the  work  of  checking  previous  reference  books  and  of  eliminating 
duplicate  entries  will  be  proceeded  with  as  quickly  as  possible. 

The  following  reports  on  dates  of  publication  of  various  books 
have  been  published  by  Mr.  Sherborn  during  the  year : — 
De  Blainville,  '*  Osteographie "  :  Annals  and  Mag.  Nat.  Hist^  (7), 

ii,  1898. 
Hiibner,    **  Samml.    europaischer   Schmetterlingen '' :    Annals    and 

Mag.  Nat.  Hist  (7),  ii,  1898. 
•C.  d'Orbigny,  "  Diction naire  Universel  *' :   Annals  and  Mag.  Nat 

Hist  (7),  iii,  April,  1899. 
Humboldt  <fe  Bonpland,   **  Obs.  de  Zoologie " :   Annals  and  Mag* 

Nat  Hist  (7),  iii,  1899. 
Lichtenstein,  **  Catalogus  rerum  naturalium  "  :    Annals  and  Mag. 

Nat  Hist  (7),  iii,  1899. 
"The  Dates  of  the  Paleontologie  Fran9aise":   Gkol.  Mag.,  1899, 

pp.  223-225. 
Temminck  <fe  Laugier,  "  Planches  colorizes  "  :  Ibis,  Oct,  1898. 

It  may  also  be  mentioned  that  Mr.  Sherborn  has  prepared  an 
"  Index  to  the  generic  and  trivial  names  of  animals  described  by 
Linnsdus  in  the  10th  and  12th  editions  of  the  Sy sterna  Naiurat**  and 
the  thanks  of  zoologists  are  due  to  the  Manchester  Museum,  Owens 
College,  for  issuing  this  through  Messrs.  Dulau  &  Co.,  London,  as 
its  "  Publication  26." 

In  the  full  belief  that  the  first  section  of  the  Index  (1758-1800) 
will  soon  be  ready  for  publication  as  a  tangible  result  of  the 
compiler's  labours,  the  Committee  earnestly  recommends  its 
reappointment 


le  E  "V  I  E  "VT-  S. 


I. — ^Thb  Soientifio  Study  op  Sobnbby.  By  J.  B.  Mabb,  M.A., 
F.R.S.  8vo ;  pp.  368.  (London :  Methuen  &  Co.,  1900. 
Price  6».) 

NOT  long  ago  we  had  the  pleasure  of  noticing  Mr.  Marr's 
admirable  introduction  to  ''The  Principles  of  Stratigraphical 
ecology,"  and  now  students  of  the  physical  side  of  that  sciencQ 
are  to  be  congratulated  on  a  further  contribution  in  book  form  from 
the  same  pen. 

The  volume  is  described  in  the  Preface  as  "An  introductory 
treatise  on  Geomorphology,  a  subject  which  has  sprung  from  the 
union  of  geology  and  geography."  It  is  a  terrible  word  to  hurl  at 
the  head  of  the  unoffending  general  reader,  whose  interest  in  the 
subject  the  book  is  intended  to  arouse,  and  we  fear  that  some  readers 
will  be  so  disheartened  at  the  outset  that  they  will  lay  down  the 
book  before  reading  the  first  chapter.  Fortunately  most  people 
avoid  the  preface  (we  do  so  ourselves)  and  begin  by  looking  at 
the  illustrations,  in  which  case  the  reader  is  sure  to  get  interested 
and  the  author  will  be  saved.     Unfortunately  'physiology'  (the 
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obvions  portmanteau  word  for  phyBical  geology)  has  already  been 
annexed,  and  the  meaning  of  the  term  '  physiography'  has  apparently 
expanded  indefinitely,  like  the  atmosphere,  losing  in  attraction  as  it 
departs  further  and  further  from  any  *  solid  ground.'  But  surely 
some  more  popular  term  might  be  found  for  the  soienoe  of  soenery. 

After  a  brief  introduction  on  the  attributes  of  soenery,  the  author 
proceeds  to  discuss  the  nature  of  the  earth's  exterior,  which  he 
considers  under  the  heads  of  Atmosphere,  Hydrosphere,  and  Litho- 
sphere ;  the  greater  part  of  chapter  ii  being  taken  up  with  the 
description  of  the  mode  of  origin  of  the  rocks  composing  the 
Lithosphere,  and  the  changes  they  have  subsequently  undergone 
in  position  and  structure. 

In  chapter  iii  we  have  a  short  essay  on  the  production  of 
dominant  forms  due  to  accumulation,  elevation,  depression,  and 
sculpture,  and  the  similarity  in  form  assumed  by  the  Atmosphere, 
Hydrosphere,  and  Lithosphere  is  strongly  emphasized ;  we  thinks 
however,  that  the  parallel  instituted  between  the  formation  of  doud, 
sea,  and  earth-waves  is  open  to  misconception,  and  that  the  student 
might  very  easily  close  the  book  with  the  idea  that  the  form  of  the 
earth-waves  was  originated  by  meteonc  agents,  as  in  the  case  of 
clouds  and  seck-waves,  when  he  reads  on  p.  24,  '*  similarly  the 
earth- waves  are  carved  out  by  the  graving  tools  of  nature,  and  the 
effects  are  generally  similar  to  those  produced  on  ocean-waves  by 
the  wind." 

Chapter  iv  deals  with  the  atmosphere,  but  is  practically  taken  up 
with  a  description  of  the  form  and  mode  of  origin  of  clouds.  It  is 
difiBcult,  no  doubt,  in  treating  of  a  subject  like  Scenery  for  the 
author  to  decide  exactly  how  much  to  take  the  reader  into  hia 
confidence  regarding  the  causes  which  produce  the  visible  effective 
scenery,  and  we  think  that  compared  with  the  rest  of  the  subjects 
dealt  with  in  the  book,  the  atmosphere  has  a  distinct  grievance 
with  regard  to  the  space  allotted  to  it,  though  the  description  of  the 
various  forms  of  clouds  is  unusually  clear  and  full. 

In  chapter  v  we  have  a  description  of  the  continents  and  ocean 
basins.  In  the  consideration  of  their  main  features  the  author 
adopts  Professor  Lapworth's  very  suggestive  views  as  propounded 
in  his  remarkable  address  to  Section  C  at  the  Edinburgh  Meeting  of 
the  British  Association.  If  the  exigencies  of  space  permitted  we 
should  like  to  see  the  subject  of  this  chapter  dealt  with  at 
somewhat  greater  length.  We  have,  for  instance,  no  allusion  to 
the  Hemihedral  Tetrahedral  theory  (of  Lowthian  Green,  1875, 
and  J.  W.  Gregory,  1899),  which  alone  attempts  to  account  for  the 
curious  wedge-like  termination  of  the  continents  to  the  south. 

The  three  following  chapters  are  devoted  to  the  origin  and 
structure  of  mountains,  the  first  being  confined  to  mountains  of 
upheaval,  among  which  the  'Laccolite'  of  Gilbert  and  the  Alpine 
form  of  folding  of  Heim  are  taken  as  types;  mountain  uplift 
generally  being  classified  under  symmetrical,  unsymmetrical  («te)» 
and  compound  types.  The  second  of  this  group  treats  of  the 
sculpture    of   mountains,   forestalling,   somewhat,   the    subsequent 


Digiti 


zed  by  Google 


Eevietcs — Marr^s  Study  of  Scenery.  415 

chapter  on  the  formation  of  valleys ;  and  the  last  of  the  ohaptera 
on  mountains  deal  very  fully  and  clearly  with  the  origin  of  certain 
forms.  The  ohservations  on  p.  82  regarding  the  tendency  of 
vegetation  to  convert  the  typical  concave  denudation  curve  into 
a  convex  curve  is,  we  helieve,  here  suggested  for  the  first  time, 
and  a  study  of  photographs,  depicting  forest-clad  valleys,  appears 
completely  to  bear  out  Uiis  theory  of  Mr.  Marr.  Admirable  as 
is  the  description  of  the  development  of  a  typical  mountain  range, 
it  would,  we  think,  be  still  more  easily  followed  by  the  reader 
were  orographical  sketch-maps  of  the  Monta  Eosa  and  Soawfell 
districts  added  in  a  future  edition. 

In  the  chapters  which  follow  on  valleys,  the  reader  is  introduced 
to  the  latest  American  nomenclature  of  consequent,  subsequent, 
obsequent,  inconsequent,  and  antecedent  valleys ;  corrasion,  com- 
minution,  peneplain,  eta  Many  of  these  terms  are,  no  doubt, 
useful,  but  it  is  interesting  to  note  that  the  very  inexpressive  term 
*  watershed '  is  still  retained,  and  that  no  Anglo-Saxon  word  has  yet 
been  coined  to  denote  the  course  of  a  river  represented  by  the 
German  word  *  Thalweg.' 

Chapters  xi  and  xii,  which  deal  with  lakes,  are  perhaps  the  most 
interesting  in  the  book,  our  author  himself  having  written  largely 
on  the  subject,  and  being  our  greatest  authority  on  our  own  lake 
district  In  this  connection  we  are  glad  to  see  Mr.  Marr  referring 
to  the  work  of  that  excellent  old  author  Jonathan  Otley. 

The  chapters  on  Plains  and  Deserts  are  also  very  fully  treated 
of,  and  a  long  way  ahead  of  the  chapters  on  these  subjects  usually 
found  in  textbooks ;  in  fact,  it  is  wonderful  how  much  up-to-date 
information  the  author  has  compressed  into  his  little  book. 

The  chapters  devoted  to  Ice  are  perhaps  a  little  curtailed  compared 
with  other  portions  of  the  subject,  and  we  would  call  attention  to 
the  scant  notice  given  to  the  work  of  avalanches,  although  it  has 
been  estimated  by  Inspector  Coaz  that  one-third  of  the  snow  which 
annually  falls  on  the  St.  Gothard  range  is  removed  by  avalanches. 
We  should  like  also  to  see  a  reference  to  Heim's  work  on 
'  Gletscherkunde '  and  the  observations  of  the  Ehone  Glacier 
Commission.  Upon  the  vexed  question  of  the  coincidence  of  lake 
basins  and  ancient  glaciers,  we  are  glad  to  see  Mr.  Marr  reminding 
his  readers  of  a  fact  long  ago  pointed  out  by  Sir  Charles  Lyell,  viz., 
that  in  a  region  undergoing  elevation  glaciation  will  often  prevent 
the  water-ways  from  being  kept  open  by  rivers  during  the  uplift ; 
and  in  this  way  lakes  may  be  formed.  Such  lakes,  then,  will  be 
caused,  not  by  the  erosion  of  ice,  but  by  the  absence  of  erosion 
by  water,  owing  to  the  presence  of  the  ice. 

The  book  has  been  designed  to  interest  the  general  reader  as  well 
as  to  assist  the  student,  and  the  changes  of  styles  in  neighbouring 
paragraphs  are  in  consequence  perhaps  occasionally  rather  abrupt. 

On  the  whole,  if  we  might  offer  a  suggestion  on  what  is  evidently 
a  very  conscientiously  written  work,  it  would  be  in  favour  of 
a  somewhat  less  technical  treatment,  with,  however,  full  references 
to  works  where  the  details  of  the  subject  may  be  consulted,  bearing 
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in  mind  the  reqairements  of  ihe  intelligent  general  reader  wham 
it  is  desired  to  convert  into  a  student  of  the  subject.  That  the 
-writer  is  imbued  with  a  true  love  of  scenery  is  abundantly  evident 
in  many  passages,  and  the  feeling  of  the  book  is  throughout 
<K>noeived  in  the  spirit  of  such  classical  exponents  of  the  scientific 
beauties  of  scenery  as  Forbes,  Tyndall,  Buskin,  and  Greikie ;  and  in 
passages,  as  for  instance  on  p.  201,  in  which  the  play  of  colours 
observed  on  Windermere  is  described,  and  again  in  his  concluding 
chapter  on  the  preservation  of  natural  beauties,  the  author  shows 
himself  capable  of  the  highest  appreciation  for  the  poetry  of  his 
subject 

llie  verbal  slips  in  the  book  are  few  and  insignificant  We  would 
call  attention  to  'windward'  on  p.  264,  for  which  'leaward' 
is  evidently  intended ;  the  letter  S  has  been  omitted  in  fig.  14, 
although  alluded  to  in  the  legend ;  it  would  facilitate  reference  from 
the  text  if  the  plates  were  numbered ;  on  p.  273  the  reader  might 
conclude  that  the  hexagonal  and  rhombohedral  systems  were 
separate  and  distinct.  In  alluding  to  the  evaporation  of  snow 
and  camphor  the  process  is  referred  to  as  '  sublimation.'  In  Watt'i 
Dictionary  of  Chemistry  sublimate  is  defined  as  "  a  body  obtained  in 
the  solid  state  by  the  cooling  of  its  vapour."  Again,  on  p.  278  we 
have  a  curious  sentence  on  the  angle  of  accumulation  of  snow  which 
concludes  ''the  latter"  (the  aiguilles),  "being  at  an  elevation 
inferior  to  that  of  the  topmost  dome."  Surely,  as  the  Germans  say, 
'*'  dsw  versteht  sich." 

The  photographic  illustrations  have  been  carefully  selected  and 
excellently  reproduced ;  they  are  all  to  the  point,  and  fully  described 
in  the  text,  an  innovation  on  the  usual  method,  on  which  we  beg  to 
<K)ngratulate  the  author,  as  indeed  we  do  most  heartily  on  the  whole 
work,  and  we  recommend  it  most  thoroughly  to  all  true  lovers  of 
scenery,  both  general  and  scientific. 

II.  —  Correlation  between  Tertiary  Mammal  Horizons  of 
Europe  and  America.  An  Introduction  to  the  more  bxaot 
Investigation  of  Tertiary  Zo5geooraphy.  Preliminary  Study 
with  Third  Trial  Sheet — Two  Presidential  Addresses  before  the 
New  York  Academy  of  Sciences. — By  Henry  Fairfield  Osborn. 
(Annals  N.Y.  Acad.  Sci.,  vol.  xiii,  No.  1,  pp.  1-72,  July  21, 1900.) 

WE  heartily  agree  with  Professor  Osborn  that  no-one  can  oppose 
the  immediate  adoption  of  the  fundamental  principle  that  the 
old  and  new  world  palaeontology  should  be  studied  as  a  unit: 
although  considerable  time  must  elapse  before  a  consensus  of  opinion 
can  be  arrived  at,  there  is  no  doubt  that  the  best  way  is  to  set 
to  work  virihtu  unitia.  Professor  Osborn  has  taken  the  lead,  and 
well  he  may  ;  for  he  is  better  acquainted  with  the  Tertiary  mammal 
horizons  of  Europe  than  any  one  of  his  European  colleagues  with 
those  of  the  new  world. 

In  1897  and  1898  he  drew  up  and  circulated  for  criticism 
amongst  old-world  palasontologists  two  successive  trial  sheets 
*'of  the   typical  and  homotaxial  Tertiary  horizons  of   Europe"; 
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a  third  trial  sheet  was  issued  in  oonneotion  with  the  first  of  the 
two  addresses  above  quoted.  We  here  transcribe  the  "  Preliminary 
Table  of  European  and  American  Tertiary  Horizons,"  being  an 
abbreviation  of  the  third  trial  sheet. 

Ltbll's  System. 

flipper 
Miadle 


Approximate  American  Parallels. 


Pliocene 


Miocene 


Oligocene 


Eocene 


(  Lower : 

i  Upper: 
Middle 
Lower: 

Upper: 
Middle 
Lower: 

Upper : 
Lower 


/  Upper : 

!  Middle 
Lower: 
Basal    I 


Post-Glacial 

Glacial  and  Interglacial 

Preglacial 

Sicilien  

(Astien. 
Plaisancien. 
Messinien        

Tortonien        

:  Helvetien       

Langhien        

Aqnitanien 

{Stampien  ) 
Infra  Tongrien  ] 

Ligurien  

(Bartonien       
Lutetien         

Suessonien       

Thanetien      

Montien  


?  Equu9  beds. 
?  Blanco. 

Upper  Loup  Fork. 

Loup  Fork. 

Lower  Loup  Fork  and 

Upper  John  Day. 

Lower  John  Day  {Dicerathmum 
Layer). 

White  River. 

Bridger  and  Uinta. 
Lower  Bridger. 
Wind  River. 
Wasatch. 
Torre j  on. 
Puerco. 


"  In  all  the  levels  above  the  Stampien  the  parallels  are 
imperfectly  established."  "Our  Pliocene  record,  as  compared 
with  the  magnificent  Pliocene  of  Europe,  is  extremely  meagre, 
and  our  Miocene  succession,  rich  as  it  is,  is  not  as  fully  understood 
as  the  Miocene  of  France." 

In  Part  I  the  parallels  between  Tertiary  horizons  are  discussed. 

The  Burdigalien,  Lower  Miocene,  calls  for  a  few  remarks.  Gaudry 
was  the  first  to  place  the  Calcaire  de  Mbntahuzard  and  the  Sables 
de  rOrUanaia  in  a  lower  level  than  Sansan,  ^  Anthracotherium*  not 
being  found  and  the  ruminants  being  more  evolved  in  the  Sauisan 
deposit.  The  Probosoidea  and  Monkeys  appear  for  the  first  time,  no 
trace  of  them  being  found  in  the  Upper  Oligocene  (Saint-Gerand-le- 
Puy,  etc.). 

Owing  to  the  extreme  .scarcity  of  the  Burdigalien  fossils  in  other 
than  a  few  French  museums,  most  palaaontologists  were  prevented 
from  forming  an  opinion  of  their  own  ;  the  Burdigalien  for  these 
reasons  was  omitted  from  the  *' Table  of  Contemporary  Deposits, 
with  their  Characteristic  Genera  of  Mammalia,"  published  in  the 
Geological  Magazine  (1899,  p.  61).  The  general  tendency  has  been 
to  leave  the  Sables  de  VOrleanais  in  the  same  horizon  as  Sansan, 
La  Grive,  Steinheim,  with  which  they  were  and  still  are  supposed 
to  share  such  characteristic  Tortonien  species  as  Dinotherium 
bavaricum,  Mastodon  angustidens,  and  Anchithertum  aurelianense. 
The  more  recent  researches  of  Depocet,  the  results  of  which  are 
endorsed  by  Osborn,  have  confirmed  Gaudry*s  views.  Some 
vertebrates  from  the  Burdigalien  of  Moghara  (Lower  Egypt) 
have  of  late  been  described  by  Andrews. 
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The  Bardigalien  fauna  will  doubtless  appear  more  distinot  when 
the  remains  of  the  above-mentioned  genera  and  others  have  been 
more  closely  examined. 

Both  the  Proboscideans  from  the  Sables  de  rOrUanais,  mentioned 
above,  are  smaller  than  the  species  of  the  Tortonien  from  which 
their  names  have  been  borrowed ;  furthermore,  the  Dinotherium  of 
the  Burdigalien  received  a  specific  name  (2>.  Cuvieri,  Kaup)  long 
ago.  The  late  Abb^  Bourgeois'  collection  in  the  College  of 
Pontlevoy  (Loir-et-Cher)  contains,  it  is  true,  in  addition  to  undoubted 
Burdigalien  forms,  several  Mastodon-toeih  from  the  Faluns  of 
Pontlevoy  and  Thenay,  which  seem  indistinguishable  from  those 
of  Mastodon  angustidens.  The  Faluns  belong  to  the  Helvetien, 
and  the  presence  of  Burdigalien  forms  must  be  accounted  for  by 
supposing  that  they  have  been  derived  from  that  deposit,  the  fauna» 
in  fact,  apparently  including  both  derived  and  contemporary  forms 
of  terrestrial  Mammalia. 

The  Anchitherium  was  named  {A.  aurelianense)  after  the  specimens 
from  the  Caleaire  de  Montahuzard ;  the  detailed  descriptions  are 
based  on  specimens  from  the  Tortonien.  The  Anchitherium  remains 
from  the  Sables  de  VOrUanais  will  presumably  prove  to  be  a  less 
specialized  stage  in  the  Equine  series  than  those  of  the  Tortonien. 

As  to  the  SuidsB  from  the  Sables  de  VOrUanais,  they  have  been 
shown  by  H.  Stehlin  to  be  distinct  from  those  of  the  Aquitanien 
as  well  as  from  the  Tortonien  Suidss. 

The  Lagomorphous  Bodent  of  the  Burdigalien  is  not  a  Titanomys^ 
for  it  has  rootless  cheek-teeth ;  it  is  not  a  Prolagus,  for  its  lower 
cheek-teeth  are  five  in  number,  not  four.  In  the  above  characters 
and  in  the  general  conformation  of  the  upper  middle  premolar, 
it  agrees  with  Lagopsis  and  Lagomys.  But  it  differs  from  Lagomys 
and  from  the  only  known  species  of  Lagopsis  (Z.  verus  from  the 
Tortonien)  in  the  pattern  of  the  anterior  lower  premolar. 

Part  II  deals  with  the  "  Faunal  Belations  of  Europe  and  America 
during  the  Tertiary  Period  and  Theory  of  the  successive  invasions 
of  an  African  Fauna  into  Europe."  In  the  chapter  "Tertiary 
G^graphical  Distribution''  we  notice  the  omission  of  two  important 
papers  bearing  on  the  subject  Beferring  to  the  hypothetical 
"Continent  Antarctica,"  the  author  says:  "Following  Blanford 
(1890),  Forbes  (1893)  made  the  first  strong  plea  for  this  continent" 
The  first  strong  plea,  and  with  several  sounder  arguments  than 
some  of  those  advanced  in  recent  years,  was  made  as  long  ago  as 
1867  by  Biitimeyer,*  whose  masterly  sketch  is  at  the  same  time  the 
strongest  possible  appeal  to  set  zoogeography  on  a  palaaontological 
basis.  Biitimeyer  ultimately  divides  the  world  in  a  northern  and 
southern  division  (op.  cit,  p.  15  and  map),  which  do  not  quite 
coincide  with  the  Northern  and  Southern  Hemisphere,  and  are 
therefore  in  better  agreement  with  the  known  facts  than  Huxley's 
Arctogaa  and  Notogaa  (1868).  Biitimeyer's  dual  division  is  also 
more  consistent  with  the  hypothesis  of  an  Antarctic  continent  than 
Blanford's  three  divisions. 

*  "  Uber  die  H(rkuiift  imserer  Thierwelt.   Eine  zoogeograpbische  Skiiie  "  (1867). 
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Osbom's  theory  of  saooessive  invasions  of  an  African  fanna  into 
Europe  seems  at  first  sight  a  very  bold  one.  ''It  thos  appears 
that  the  Probosoidea,  Hyracoidea,  certain  edentata,  the  antelopes, 
the  giraffes,  the  hippopotami,  the  most  specialized  ruminants,  and 
among  the  rodents,  the  anomalures,  dormice,  and  jerboas,  among 
monkeys  the  baboons,  may  all  have  enjoyed  their  original  adaptativo 
radiation  in  Africa."  Three,  or  rather  four,  successive  migrations 
are  supposed  to  have  taken  place,  the  first  in  the  Upper  Eocene, 
the  last  in  the  Upper  Pliocene.  A  similar  theory  cannot,  of  course, 
be  imagined  if  the  permanence  of  continents  and  oceans  is  main- 
tained, so  that  Osbom's  theory  is  in  the  main  a  clever  elaboration  of 
the  '  Lemuria'  hypothesis,  in  its  original  form,  as  conceived  by  P.  L. 
Sclater.*  This  is  the  second  of  the  two  papers  above  referred  to  as 
having  been  omitted  by  the  author.  A  southern  origin  has,  moreover, 
"been  advocated  for  the  Probosoidea  in  Neumayr's  "  Erdgeschichte," 
and  for  the  Cercopithecidae  in  the  Geological  Magazine  (1896, 
p.  436),  partly  with  the  same  arguments  advanced  by  Osbom  (p.  58). 

But,  if  South  Africa  is  a  great  centre  of  independent  evolution 
(p.  57),  and  has  supplied  South  America  with  the  edentates,  as  well 
as  the  ''  stem  forms  of  its  Ungulates  "  (p.  54),  why  leave  it  in  the 
Arctogsea,  whilst  *  Neogsea '  is  made  to  stand  apart  ?  This  is  our 
reason  for  objecting  to  *  Neogaoa.'  C.  F.  M. 


III.  —  Annual  Keport  of  the  Boabd  of  Kegents  of  the 
Smithsonian  Institution  fob  the  Yeab  ending  June  30,  1897. 
Svo ;  pp.  38  and  1,024.  S.  P.  Langley,  Secretary  Smithsonian 
Institution.     (Washington,  1899.) 

Part  I.     Heport  upon  the  Oondition  and  Progress  of  the  U.S. 

National  Museum  during  the  year  ending  June  30,  1897,  by 

Charles  D.  Walcott,  in  charge  of  the  U.S.  National  Museum. 

pp.  1-246. 
Part  n.   Papers  Describing  and  Illustrating  Collections  in  the  U.S. 

National  Museum. 

(A)  Eecent  Foraminifera.  A  descriptive  Catalogue  of  specimens 
dredged  by  the  U.S.  Fish  Commission  Steamer  "Albatross,"  by 
James  Flint,  M.D.,  U.S.  Navy,  Hon.  Curator  Division  of  Medicine, 
U.S.  National  Museum,    pp.  247-350,  and  80  plates. 

(B)  Pipes  and  Smoking  Customs  of  the  American  Aborigines,  based 
on  material  in  the  U.S.  National  Museum,  by  Joseph  D.  McQuire, 
Ellicott  City,  Maryland,  pp.  351-646,  4  plates,  a  frontispiece, 
4md  239  figures  in  the  text 

(C)  Catalogue  of  the  series  illustrating  the  Properties  of  Minerals, 
by  Wirt  Tassin,  Assistant  Curator  of  Mineralogy,    pp.  647-688. 

(D)  Te  Pito  Te  Henua,  known  as  Bapa  Nui;  commonly  called 
Easter  Island,  South  Pacific  Ocean.  Latitude,  27°  10'  S. ;  longitude, 
109°  26'  W.    By  George  H.  Cooke,  Surgeon  U.S.N,    pp.  689-724. 

*  "  The  Mammals  of  Madagascar  ^  :  Qaart.  Joum.  Science,  vol.  i,  pp.  213-219 
(1864).  The  four  cautiously  worded  deductions  at  which  Sdater  amved  may  be 
ahnost  entirely  endorsed  at  the  present  day. 
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(E)  The  Man's  Knife  among  the  North  American  Indians,  a  study 
in  the  collection  of  the  U.S.  National  Museum,  by  Otis  Tufton 
Mason,  Curator  Division  of  Ethnology,  pp.  726-746,  with  17 
illustrations. 

(F)  Classification  of  the  Mineral  Collections  in  the  U.S.  National 
Museum,  by  Wirt  Tassin.     pp.  747-810. 

(G)  Arrow  -  points,  Spear -heads,  and  Knives  of  Prehistoric 
Times,  by  Thomas  Wilson,  LL.D.,  Curator  Division  of  Prehistoric 
ArchsBology,  U.S.  National  Museum,  pp.  811-988,  %6  plates,  and 
201  illustrations  in  the  text.  pp.  989-1022  are  devoted  to  a  general 
index  to  the  whole  volume. 

,  The  Board  of  Regents  of  the  Smithsonian  Institution  are  to  be 
congratulated  upon  the  production  of  an  imperial  octavo  volume  of 
1,062  pages,  embracing  a  report  upon  the  Museum,  with  seven 
memoirs  describing  and  illustrating  various  sections  of  the  National 
Collection,  four  of  which  are  profusely  and  beautifully  illustrated 
by  149  plates  and  457  process-block  illustrations  in  the  text 

Part  I. 

The  Report  itself  occupies  246  pages,  and  is  drawn  up  by 
Mr.  C.  D.  Walcott,  the  Acting  Assistant  Secretary  in  charge  of  the 
U.S.  National  Museum.  The  Departments  are — Anthropology, 
with  17  curators  and  assistants ;  Animal  Biology,  with  27  curators 
and  assistants  and  3  honorary  associates  ;  Division  of  Plants 
{National  Herbarium),  with  8  curators  and  assistants;  Geology 
and  Mineralogy,  with  18  curators  and  assistants.  The  administra- 
tive staff  is  represented  by  Mr.  S.  P.  Langley,  the  Secretary  and 
Keeper ;  Mr.  C.  D.  Walcott,  Acting  Assistant  Secretary  ;  Mr.  F.  W. 
True,  Executive  Curator  ;  and  a  staff  of  ten  officers,  including 
a  photographer,  a  registrar,  two  librarians,  an  editor,  a  chief  of 
correspondence  and  documents,  and  a  chief  of  buildings. 

Here  is  a  sample  of  the  work  of  the  Museum.  During  the  year 
covered  by  this  report  nearly  27,000  geological  and  biological 
specimens,  selected  from  the  duplicates,  were  distributed  to  uni- 
versities, colleges,  and  schools.  The  publications  of  the  Museum 
were  also  distributed  at  home  and  abroad.  Identification  of  speci- 
mens is  also  undertaken,  except  when  analyses  of  geological 
specimens  are  desired ;   these  the  Museum  cannot  perform. 

Letters  containing  requests  for  information  on  every  conceivable 
topic  are  all  carefully  answered.  These  number  from  12,000  to 
16,000  a  year.  Public  lectures  are  also  frequently  provided,  or  the 
lecture-hall  placed  at  the  disposal  of  Societies  desiring  to  hold  their 
meetings  in  the  Museum. 

To  sum  up,  the  aims  of  the  U.S.  National  Museum  are  to  promote 
the  advancement  of  scientific  research  (1)  through  the  medium  of 
tbe  collections  exhibited;  (2)  by  affording  to  specialists  access  to 
the  *  reserve '  collections ;  (3)  by  the  identification  of  specimens  ; 
(4)  through  the  agency  of  the  library;  (5)  by  the  donation  of 
specimens  to  educational  institutions ;  (6)  by  the  donation  of  its 
publications ;    (7)    by  its  lecture  courses ;    and   (8)    by  imparting 
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speoial  information  through  correspondence.  Such  is  an  epitome 
of  the  work  carried  out  by  the  U.S.  National  Museum  under  the 
direction  of  the  Smithsonian  Institution. 

An  annual  report,  however  good  and  satisfactory,  is  generally 
admitted  to  be  a  somewhat  dull  but  necessary  document,  and 
certainly  not  to  be  classed  with  novels  and  such  light  literature 
as  holiday  reading :  but  behind  the  report  come  seven  admirably 
prepared  memoirs,  which  the  authors  have  endeavoured  to  render 
as  attractive  as  possible,  not  only  by  the  varied  subjects  treated  o^ 
but  in  several  instances  by  the  excellent  and  abundant  illustrations 
given. 

Pabt  II. 

(A)  Dr.  James  M.  Flint,  of  the  U.S.  Navy,  furnishes  a  descriptive 
catalogue  of  the  Foraminifera  dredged  by  the  U.S.  steamer 
'*  Albatross."  Materials  from  about  125  stations  have  been  carefully 
studied,  and  specimens  from  more  than  one  hundred  localities  have 
been  preserved  and  identified.  Fifty-eight  localities  are  in  the 
North  Atlantic  Ocean,  twenty-one  in  the  Gulf  of  Mexico,  seven  in 
the  Caribbean  Sea,  one  in  the  South  Pacific,  and  five  in  the  North 
Pacific.  The  depths  vary  from  7  to  2,512  fathoms.  The  illus- 
trations are  all  made  from  mounted  specimens  on  exhibition  in 
the  U.S.  National  Museum,  and  have  a  uniform  enlargement  of 
about  fifteen  diameters  ;  by  this  plan  they  mark  distinctly  the 
relative  size  of  the  objects.  The  classification  followed  is  that  of 
the  late  Mr.  H.  B.  Brady  in  his  Heport  on  Foraminifera  collected 
by  H.M.S.  "Challenger." 

The  series  are  mounted  expressly  for  the  public,  the  specimens 
of  each  species  being  attached  to  the  bottom  of  a  shallow,  concave, 
blackened  disk  of  brass,  arranged  in  concentric  rows  upon  a  large 
circular  metal  plate  forming  the  stage  of  an  ordinary  microscope. 
The  circular  plate  has  a  rotary  and  a  to-and-fro  movement  by  means 
of  a  friction  roller  and  a  rack  and  pinion,  so  that  all  the  mounts 
may  be  successively  brought  under  the  microscope.  The  apparatus 
has  been  in  use  by  the  public,  both  by  adults  and  children,  and 
has  stood  very  severe  tests  successfully  for  seven  years,  with  only 
the  occasional  presence  of  an  Attendant  in  the  room. 

Dr.  Flint  gives  a  description  of  what  Foraminifera  are,  which 
would  do  admirably  for  a  popular  guidebook.  He  then  proceeds 
to  explain,  simply  and  clearly,  how  these  minute  shells  are  to 
be  mounted  and  how  sections  may  be  prepared.  For  the 
literature  he  refers  to  Carpenter's  "Introduction  to  the  Study  of 
the  Foraminifera,"  to  Brady's  Report  on  the  Foraminifera  collected 
by  H.M.S.  "Challenger," and  to  C.  Davies  Sherbom's  "Index  to  the 
Genera  and  Species  of  the  Foraminifera."  Then  comes  an  analytical 
key  to  the  families,  followed  by  a  descriptive  catalogue  of  the  genera 
and  species.  The  eighty  plates  are  superb,  and  demonstrate  what 
can  be  satisfactorily  done  by  photography  direct,  without  the  inter- 
vention of  any  artist.  The  photographs  are  only  *  processed,'  and 
then  printed  on  good  plate  paper. 
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The  figures  of  Astrorhiza  (plates  i-iii),  whose  chambers  and  tabes 
are  built  ap  of  agglatinated  grains  of  sand,  are  remarkably  effective, 
as  are  also  those  of  Pilulina  Jeffrey$i.  Where  all  are  so  excellent  it 
would  be  difficult  to  specially  select  for  praise  certain  plates ;  bat  we 
may  mention  Beophax  (plates  xvi-xviii),  Haplophragwutan  (xix-xxi), 
Ammodi$€U$  (xxiii),  Hormonna  (xxv),  CydamwUma  (xxvii),  Gawdrpna 
(xxxiii),  Clavtdina  (xxxiv-xxxvi),  Biloadina  (xxxviii-xl),  Spiro^ 
loeuUna  (xlii,  xliii),  Peneropli$  (xlix),  Orbitoide$  (1-lii),  NodoHuria 

Sv-lviii,  superb),  Ori$tdlaria  (Ixvi,  Ixvii),  Pmlvin^na  (Ixxv), 
otalia  (Ixxvi).  We  agree  with  the  author  in  thinking  that  some  of 
the  more  minute  forms,  such  as  Trvneatulina,  Anowudina,  Discorbina, 
XJvigerina^  etc.,  would  have  shown  to  greater  advantage  if  they  had 
been  magnified  more  highly,  but  the  work  is,  as  a  whole,  nK)6t 
excellent 

(B)  Under  the  division  of  Ethnology  Mr.  Joseph  D.  McGuire 
gives  us  an  interesting  and  well-illustrated  memoir  on  "Pipes 
and  Smokbg  Customs  of  the  American  Aborigines,"  based  on 
materials  in  the  U.S.  National  Museum  and  elsewhere.  There  are 
239  illustrations  of  pipes  in  the  text,  a  frontispiece,  and  4  maps 
showing  the  distribution  of  objects  over  the  United  States. 

Tobacco  cannot  be  considered  a  geological  product  (although 
largely  consumed  by  geologists  I),  yet  the  material  out  of  which 
the  ancient  stone  pipes  of  North  America  were  manufactured  is  not 
without  interest,  from  a  strictly  scientific  point  of  view,  to  non-smokers 
among  geologists  and  antiquaries.  Indeed,  in  fig.  64  is  depicted 
a  fossil  pipe  from  Pottawatomie,  Kansas,  made  of  tbe  outer  whorl  of 
an  Ammonite  (probably  Schlcenbachia  Peruviana  or  actUicarimUa), 
the  shape  of  which  probably  attracted  the  curiosity  of  the  Indians. 

Another  material  largely  used  was  'Catlinite,'  a  red  clay  forming 
beds  of  considerable  extent  in  Pipestone  County,  in  the  south- 
western part  of  Minnesota  (named  after  the  writer  on  the  American 
Indians,  George  Catlin).  In  addition,  we  may  quote  banded  green 
slate,  steatite,  greenstone,  a  concretion,  volcanic  tuff,  sandstone, 
pipe  of  stalagmite,  of  mica,  obsidian,  jade,  porphyry,  and  Oolitic 
limestone  as  among  the  materials  used.  But  clay  of  various  kinds 
(moulded  and  afterwards  kilned)  was  also  very  largely  in  demand. 

Of  the  figure  pipes  many  were  no  doubt  •  totems '  of  the  tribes, 
as  the  hawk,  dog,  frog,  turtle,  raccoon,  ea^le,  duck,  pigeon,  swan, 
snake,  human  hands  and  head.  A  pipe  shaped  like  an  elephant  ^ 
is  very  puzzling,  for  it  implies,  if  genuine,  that  the  designer  was 
acquainted  with  the  animal,  which  seems  incredible  for  a  Mound- 
Indian  of  Iowa,  or  that  it  was  of  later  date,  in  fact  a  European 
workman's  fabrication  of  the  same  dishonest  type  as  the  'antiquities* 
made  by  the  celebrated  English  impostor  known  as  '  Flint  Jack.'  Of 
other  materials  for  the  manufacture  of  pipes  we  may  mention  wood, 
wood  and  stone,  wood  and  lead  pipe,  a  combination  of  clay,  copper, 
and  wood,  a  pipe  of  willow,  a  pipe  of  bone,  of  copper,  of  lead, 
a  combination  of  stone  and  bone,  a  bronze  pipe,  a  brazed  iron  pipe, 

*  Could  it  have  been  a  mammoth  or  a  mastodon  which  the  artist  had  seen,  or  wis 
it  a  modern  Indian  elephant  he  had  copied  P 
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a  tomahawk  and  pipe  oombined  of  iron  or  steel.  The  simplest  form 
of  pipe  known  is  that  in  use  in  Ladak  and  Thibet,  where  the  natives, 
in  travelling,  make  a  small,  smooth  hole  in  the  ground,  whioh  they 
fill  with  tobaoco,  and  then  make  a  connecting  hole  through  which 
they  draw  the  smoke  directly  into  the  mouth,  the  ground  itself 
serving  the  part  of  a  pipe.  The  present  writer  wm  informed  by 
Sir  John  Eirk  that  the  Kaffirs  in  East  Africa  do  precisely  the  same 
when  travelling ;  the  ground  being  first  wetted,  then  the  bowl  is 
formed  by  the  Uiumb  being  pressed  vertically  into  the  earth,  and  the 
tube  for  inhaling  the  smoke  is  made  by  the  little  finger,  which  is 
pressed  in  obliquely  until  it  touches  the  base  of  the  larger  hole. 

Of  the  religious,  civil,  military,  trade,  and  domestic  functions  in 
which  the  'calumet'  or  peace-pipe  was  introduced  amongst  the 
North  American  Indians,  forming  an  important  part  of  all  such 
ceremonies,  let  those  who  are  interested  to  learn,  read  Mr.  Joseph 
McGuire's  admirable  memoir.  We  have  room  for  only  one  quotation 
by  way  of  illustration :  "  In  1682,  when  William  Penn  lauded  in 
New  Jersey,  he  received  the  lighted  calumet  or  pipe,  which  was 
smoked  out  of  by  all ;  the  great  sachem  first  taking  a  whiff,  then 
William  Penn,  and  subsequently  the  sachems  and  warriors  and 
squaws  of  every  tribe.  A  second  smoke  closed  the  bargain  for  the 
purchase  of  land ;  and  300  tobacco  pipes,  100  hands  of  tobacco, 
20  tobacco  boxes,  and  100  jeuf'a-harpa  were  a  portion  of  the  articles 
given  in  exchange  "  (p.  461).  We  had  no  idea  that  the  jew's-harp, 
or  indeed  any  other  musical  instrument,  had  been  '  traded '  by  the 
Quakers  to  the  North  American  Indians.  It  suggests  that  our  quiet 
friends  must  have  secretly  had  a  taste  for  music,  even  two  hundred 
years  ago ! 

(G)  The  next  memoir  is  a  catalogue  illustrating  the  properties 
of  minerals,  by  Wirt  Tassin,  Assistant  Curator,  Department  of 
Mineralogy,  Smithsonian  Museum. 

The  plan  of  arrangement  followed  deals  with  (1)  chemical 
mineralogy,  such  as  the  chemical  composition  or  atomic  structure 
of  a  mineral  and  the  chemical  relations  of  the  several  kinds  of 
minerals ;  and  (2)  physical  mineralogy,  which  treats  of  those 
properties  relating  to  form  or  molecular  structure  of  a  mineral, 
and  the  action  of  the  various  physical  forces  upon  the  several 
kinds  of  minerals. 

Under  chemical  mineralogy  the  author  treats  of  the  elements,  and 
explains  that  all  minerals  are  composed  of  either  an  element  alone 
or  two  or  more  elements  in  combination;  that  such  combinations 
of  simple  substances  may  produce  a  new  substance,  differing  from 
and  possessing  properties  not  the  mean  of  those  of  its  constituents. 
This  is  illustrated  by  the  gases  hydrogen  and  oxygen,  whioh  under 
proper  conditions  combine  to  form  water,  a  liquid.  Then  follow 
examples  of  various  minerals,  as  zinc  and  its  combinations,  tin 
and  its  combinations,  lead  and  its  combinations,  sulphur  and  its 
combinations,  iron  and  its  combinations,  and  so  on.  The  author 
next  gives  types  of  minerals  and  examples  of  native  elements,  as 
carbon,  sulphur,  the  metals  platinum,  mercury,  copper,  silver,  and 
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gold,  and  the  alloys  of  each.  Next  the  variations  in  composition 
are  considered,  and  the  relation  of  water  to  composition  and  to 
physical  properties;  then  the  relation  of  composition  to  physical 
properties,  such  as  density,  magnetism,  and  lustre. 

Physical  mineralogy  is  next  treated  of,  and  we  have  a  brief  essay 
on  the  crystal,  on  crystallographic  axes,  on  crystal  form  and 
crystal  systems,  etc. ;  characters  relating  to  cohesion  and  elasticity, 
characters  depending  upon  mass  or  volume ;  properties  relating  to 
heat,  magnetism,  and  electricity;  optical  characters  depending 
upon  the  action  of  light,  etc.,  and  characters  depending  upon  the 
action  of  the  senses,  as  touch,  taste,  odour ;  and  lastly,  on  resistance 
to  chemical  action. 

(F)  By  an  accident  of  arrangement,  Mr.  Wirt  Tassin's  second 
part,  "Classification  of  the  Mineral  Collections  in  the  U.S.  National 
Museum,"  has  been  separated  by  the  interpolation  of  two  other 
essays  (D  and  E) :  we  will,  however,  notice  this  part  (P)  next  to 
part  C.  Classification  1,  Elements.  Of  the  seventy  or  more 
elements  at  present  known  to  chemistry,  but  eighteen,  excluding 
those  occurring  only  in  the  gaseous  state,  are  found  native.  Wi& 
the  native  elements  are  included  the  native  alloys,  or  compounds 
and  mixtures  of  elements  belonging  to  the  same  groups  in  the 
periodic  system. 

A  list  of  these  nalive  elements  is  then  given,  with  their  native 
alloys  and  compounds,  in  groups,  as  (1)  diamond,  bort,  carbonado, 
graphite,  schungite,  graphitoid,  cliftonite;  (2)  sulphur  (and  its 
compounds),  selenium,  tellurium,  etc.;  (3)  arsenic,  etc.,  antimony, 
bismuth ;  (4)  tin,  lead ;  (5)  iron,  catarinite,  etc. ;  (6)  platinum, 
platiridium,  iridium,  osmiridium,  palladium,  etc.;  (7)  mercury, 
amalgam,  copper,  silver,  gold,  electrum,  porpezite,  rhodite. 

These  are  followed  by  compounds  of  the  elements,  as  (A)  compounds 
of  halogens-fluorine,  chlorine,  bromine,  and  iodine ;  (B)  compouods 
of  sulphur,  selenium,  and  tellurium,  also  arsenic,  antimony,  bismuth, 
and  germanium  ;  (C)  oxygen  compounds ;  (D)  compounds  of  organic 
origin  (as  mineral  wax,  fossil  resins),  asphaltum,  mineral  oils,  coals, 
etc.,  and  the  salts  of  the  organic  acids,  oxalates,  and  mellates. 
A  full  index  of  minerals  is  given  at  the  end. 

These  papers  by  Mr.  Wirt  Tassin  are  likely  to  prove  useful  to  the 
curators  of  minerals  in  other  museums  seeking  a  plan  of  arrangement 
for  their  collection.  We  can  also  strongly  recommend  (1)  the 
admirable  Introduction  to  the  Study  of  Minerals,  by  L.  Fletcher 
(price  Sd.),  British  Museum  (Natural  History),  with  a  guide  to 
the  Mineral  Gallery  (pp.  120,  8vo)  ;  (2)  Introduction  to  a  Study  of 
Meteorites,  by  L.  Fletcher  (price  34.,  pp.  92,  8vo)  ;  (3)  Introduction 
to  a  Study  of  Rocks,  by  L.  Fletcher  (price  6d.),  British  Museum 
(Natural  History),  (pp.  118,  8vo). 

(D)  Mr.  George  H.  Cooke,  surgeon,  U.S.  Navy,  supplies  us 
with  an  interesting  account  of  Easter  Island  in  the  South  Pacific 
Ocean.  The  U.S.  steamer  "Mohican"  sailed  from  Callao,  Pern, 
March  6th,  1868  (?  1886),  under  orders  for  a  protracted  cruise,  on 
special  duty,  among  the  islands  of  the  South  Pacific,  with  instructions 
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on  her  return  passage  to  the  South  Amerioan  coast  to  call  at  Easter 
Island,  make  certain  investigations  desired  by  the  Smithsonian 
institution,  and  especially  to  bring  away  one  of  the  colossal  stone 
images  to  be  found  upon  the  island.  The  stone  image,  stone  crown, 
and  stone  head  having  been  successfully  transported  over  the  island 
to  the  beach  and  thence  transferred  on  board,  the  ship  sailed  on 
the  l&Bt  day  of  the  year  for  Valparaiso,  Chile,  arriving  on 
January  14th,  1887.  There  appears  to  be  a  misprint  in  the  first 
year  recorded  here,  for  on  p.  692  the  author  says :  '*  The 
investigations  upon  which  this  report  is  based  cover  a  period  of 
twelve  days  from  December  19  to  December  30,  1886.  inclusive." 

On  December  18th  the  extinct  crater  of  Rana  Kao  was  visited, 
and  a  general  inspection  was  made  of  the  stone  huts,  the  painted 
«labs  in  their  interior,  the  sculptured  rocks,  etc.,  and  of  the  crater 
itself,  in  the  immediate  vicinity  of  which  these  objects  of  interest  are 
located.  Here  numerous  finished  and  unfinished  images,  some 
standing,  others  prostrate,  were  seen  scattered  over  the  slope  of 
the  crater  and  the  great  plain  at  its  base,  where  there  is  every 
reason  to  believe  once  stood  a  populous  town.  The  quarries,  or 
'workshops,'  were  also  visited,  and  the  many  partly  completed 
monoliths  still  attached  to  the  original  rock  were  examined.  As  in 
Egypt,  where  in  the  quarries  at  Syene,  near  the  First  Cataract, 
the  largest  obelisk  still  lies  unfinished,  so  here,  in  one  of  the 
excavations  on  the  outer  slope  of  the  crater,  may  be  seen  the  largest 
of  the  stone  images  to  be  found  on  Hapa  Nui  in  an  incomplete 
condition,  still  adherent  to  the  bed  rock,  and  measuring  69  ft.  9  in. 
in  length  I  carved  in  trachyte.  Mr.  Salmon  and  Mr.  Brander 
seem  at  present  to  be  the  sole  proprietors  on  the  island,  with 
a  stock  of  18,000  head  of  sheep  and  many  cattle.  The  population 
now  consists  of  155  natives  and  11  foreigners  (two  English,  two 
Americans,  one  Frenchman,  and  six  Tahitans),  yet  from  1850  to 
1860  the  number  of  inhabitante  was  said  to  be  20,000.  In  1863  the 
Peruvians  carried  off  5,000  of  the  inhabitants  to  work  the  guano 
deposits  of  the  Chincha  Islands.  Some  few  only  of  these  returned 
alive,  smallpox  having  broken  out  on  the  return  voyage;  it  also 
ravaged  the  island,  many  deaths  resulting  therefrom. 

With  regard  to  the  ancient  inhabitants— the  makers  of  the  trachyte 
quarries,  the  builders  of  the  stone  houses,  and  the  carvers  of  the 
colossal  stone  images — the  number  and  extent  of  their  works  are 
so  great  that  one  is  led  to  ask  how  they  came  suddenly  to  an  end, 
which  must  have  been  the  case  judging  by  the  large  number  of 
images  in  all  stages  of  development  seen  at  Rana  Roraka,  where 
the  ancient  town  once  existed,  and  in  the  quarries  in  an  unfinished 
condition  both  inside  and  outside  of  the  adjacent  crater  slopes.  The 
present  natives  neither  carve,  nor  quarry  stone,  nor  build. 

If  we  take  note  of  the  vast  number  of  volcanic  stones  evenly 
scattered  over  the  surface  of  the  island,  especially  the  eastern  half, 
one  is  led  to  the  inevitable  conclusion  that  either  the  volcano  of 
Rana  Roraka,  or  one  of  the  neighbouring  volcanoes,  suddenly  became 
active  and  threw  out  these  showers  of  stones,  probably  destroying 
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many  lives,  and  so  stopped  the  laboars  of  the  workmen,  whidi 
were  thenceforth  never  resumed.  Perhaps,  too,  the  same  calamity 
overthrew,  by  an  earthquake,  many  of  the  idols  (of  which  not 
one  is  now  standing  on  its  pedestal),  laid  waste  the  island,  and 
wrought  the  destruction  of  the  trees  which  once  adorned  it,  and 
from  the  period  of  that  disaster  probably  dates  the  decadence  of  the 
ancient  people  of  Tepito  Te  Henua.  The  island  contains  several 
distinct  craters,  the  highest  point  being  1,970  feet.  The  great 
crater  of  Bana  Eao  has  a  lake  in  its  centre  300  feet  in  depth, 
with  a  circumference  at  its  surface  of  2|  miles,  so  that  good 
drinking  water  sufiScient  for  a  large  population  exists  on  the  island. 

(E)  Mr.  Otis  Tufton  Mason  describes  the  man's  knife  among 
the  North  American  Indians  as  illustrated  by  the  collections  in  the 
U.S.  National  Museum.  Knives,  strictly  speaking,  are  adapted  for 
industrial  purposes,  and  therefore  belong  to  the  category  of  <oo2f,  not 
weapons.  If,  however,  a  knife  is  used  as  a  weapon  for  destruction, 
it  should  be  classed  as  a  dagger,  but  when  employed  as  an 
edged  tool  it  is  properly  described  as  a  knife.  The  edge  tool 
works  by  pressure,  by  friction,  or  by  a  blow.  One  used  by 
means  of  a  blow  is  an  axe  if  the  edge  is  in  a  line  with  the  handle, 
and  an  adze  if  it  lies  across  the  handle ;  an  edged  tool  working  by 
friction  is  a  scraper,  but  one  working  by  pressure  is  a  knife. 
Although  the  iron  or  steel-bladed  knife  has  been  only  in  the  hands 
of  Eskimo,  of  Canadians,  and  tribes  of  the  United  States  and  the 
North  Pacific,  for  a  century  or  two  they  seem  to  have  thoroughly 
mastered  its  use  as  a  tool.  They  are  nearly  all  curved-bladed,  and 
the  hafting  is  always  native,  the  blade  alone  (whether  of  steel  or 
iron)  being  foreign.  Before  the  possession  of  iron  there  is  meagre 
evidence  that  any  of  these  native  races  possessed  other  than  the  most 
trivial  carvings  in  hard  material.  Their  best  works  were  in  soft 
wood  and  slate,  by  means  of  the  beaver's  tooth  or  shark's  tooth 
knives.  Mr.  Mason  does  not  mention  the  use  of  flint  or  obsidian, 
but  one  knife  with  a  glass  blade  from  Patagonia  is  recorded. 

(Q)  "Arrow-points,  Spear-heads,  and  Knives  of  Prehistoric 
Times,"  by  Dr.  Thomas  Wilson,  Curator  of  Prehistoric  Archseology, 
O.S.  National  Museum.  Dr.  Wilson's  memoir  is  one  of  the  most 
elaborate  in  this  volume  and  covers  177  pages.  It  describes  and 
illustrates  spears  and  harpoons  in  the  Palsaolithic  period ;  the  origin 
of  the  bow  and  arrow;  superstitions  concerning  arrow-points  and 
stone  implements.  In  the  island  of  Guernsey  the  stone  implements 
are  called  < lightning-stones'  and  *  thunder-stones '  (pierre  defoudre  or 
pierre  de  tonnerre),  and  are  firmly  believed  in  as  a  protection  against 
fire.  The  flint  mines  and  quarries  in  Europe  and  America  are 
described ;  a  most  interesting  account  is  given  (illustrated  by  many 
plates)  of  the  materials  used  in  making  arrow-points  and  spear- 
heads, showing  the  microscopic  structure  of  the  materials.  The 
manufacture  of  arrow-points  and  spear-heads  is  explained,  and 
the  various  scrapers,  grinders,  and  straighteners  used  in  making 
arrow  and  spear  shafts.  All  the  varied  patterns  of  arrow-heads 
and  spear-heads  are  arranged,  classified,  and   elaborately  figured. 
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and  some  25  types  are  enumerated.  Flint  knives  are  next 
considered.  Large  implements  of  arrow-point  or  spear-head  form» 
are  desoribed,  and  the  making  of  arrow-points  is  shown.  Sixty- 
five  plates  and  201  text-figares  are  devoted  to  the  illustration  of  this^ 
valuable  memoir.  It  is  impossible  to  give  an  adequate  idea  of  the 
beauty  and  excellenoe  of  the  illustrations,  but  we  commend 
Dr.  Wilson's  memoir  to  all  who  are  interested  in  the  subject  of 
Prehistoric  Archaeology. 


i^EiPOi^TS    jLisrnD   DPierOOESi^iisros- 


Gbologioal  Society  or  London. 

June  20,  1900.— J.  J.  H.  Teall,  Esq.,  M.A.,  F.R.S.,  President,  in 

the  Chair. 

The  President  announced  that  the  Foreign  Secretary  had  received 
the  following  letter  from  Professor  A.  Gaudry,  F.M.G.S.,  President 
of  the  Organizing  Committee  of  the  Eighth  International  Geological 
Congress : — 

"My  dear  Friend, — We  have  just  published  the  Guide-book  to 
the  excursions  in  France  of  the  International  Geological  Congress. 
It  occupies  over  1000  pages,  and  is  full  of  beautiful  illustrations  and 
of  geological  sections  and  maps.  The  excursions  will  extend  over 
the  whole  of  France  from  the  North  as  far  as  the  Central  Plateau, 
the  Alps,  and  the  Pyrenees.  As  you  are  the  Foreign  Secretary  of 
the  Geological  Society  of  London,  equally  honoured  and  loved  in 
England  and  in  France,  I  think  that  no  one  is  in  a  better  position 
than  you  to  beg  of  the  Fellows  of  the  Geological  Society  of  London 
to  come  in  large  numbers  to  Paris.  All  our  geologists  will  be 
honoured  in  seeing  them,  and  will  be  happy  to  receive  their 
opinions.  To  have  any  great  authority  it  is  necessary  that  an 
International  Geological  Congress  should  have  your  country  — 
where  Geology  has  been  so  magnificently  studied — largely  repre- 
sented. You  can  tell  our  brethren  of  the  Geological  Society  of 
London  that  the  President  of  the  Organizing  Committee  of  the 
Congress  of  1900  is  the  oldest  of  the  Foreign  Members  inscribed 
upon  their  list,  that  he  is  a  former  recipient  of  the  Wollaston  Medal, 
a  Foreign  Member  of  the  Boyal  Society  of  London,  and  that  among 
his  scientific  acquaintance  he  has  not  a  better  friend  than  you. 
This  will  be  as  much  as  to  tell  them  that  I  am  attached  to  them 
by  the  bonds  of  deep  gratitude,  and  that  it  will  be  a  happiness  for 
me  to  welcome  them  in  our  ancient  city  of  Paris.  I  reckon  upon 
you. — Yours  most  sincerely,  Albert  Qaudby." 

The  following  communications  were  read : — 

1.  **  On  the  Skeleton  of  a  Theriodont  Heptile  from  the  Baviaans 
River  (Cape  Colony)."  By  Professor  H.  G.  Seeley,  F.R.S.,  F.L.S., 
V.P.G.S. 

The  fossil  described  in  this  paper  was  discovered  by  Mr.  W. 
Pringle  at  Ealdon,  in  the  bed  of  the  Baviaans  Biver,  a  tributary 
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of  the  Great  Fish  River.  It  is  now  preserved  in  the  Albany 
Museum.  The  slab  containing  it  is  of  hard  siliceous  sandstone,  and 
is  31  inches  long  by  ten  inches  wide.  It  is  split  so  as  to  expose 
a  portion  of  the  skull,  the  vertebral  column  and  ribs  as  far  as  the 
pelvis,  the  scapula,  part  of  the  humerus,  the  femur,  and  parts  of  the 
tibia  and  fibula.  The  tail  and  left  hind-limb,  and  apparently  part 
of  the  right  fore-limb,  are  lost,  owing  to  the  jointed  condition  of  the 
rock.  The  bones  have  decomposed,  and  are  represented  by  natural 
moulds  from  which  a  beautiful  cast  was  obtained  by  means  of 
a  gelatine  mould  prepared  in  the  Geological  Department  of  the 
Natural  History  Museum,  before  the  specimen  was  returned  to 
Grahamstown.  It  indicates  an  animal  about  2  feet  long,  exclusive 
of  the  tail,  and  standing  probably  about  8  inches  high;  it  was 
not  more  than  6  inches  wide  in  the  fore  part  of  the  body.  The 
animal  was  of  great  mobility,  capable  of  easily  bending  the  body, 
and,  by  straightening  the  limbs,  of  occasionally  raising  its  height 
to  10  inches  or  more.  It  is  a  new  type  of  Theriodont  reptile, 
oontributing  important  facts  to  the  osteology  of  the  group,  and 
especially  in  regard  to  the  natural  association  of  the  bones.  It 
is  possibly  to  be  included  in  the  Cynodontia,  from  which  it  differs 
in  characters  of  the  ilium,  scapula,  and  skulL 

2.  "  Fossils  in  the  Oxford  University  Museum.  —  IV.  Notes  <m 
some  Undescribed  Trilobites."    By  H.  H.  Thomas,  Esq.,  B.A.,  F.G.S. 

Two  new  species  of  Dalmania  from  the  Wenlock  Shales  and  one 
of  Olenus  from  the  Shineton  Shales  of  Shropshire  are  described  in 
this  paper.  The  specimens  on  which  the  first  species  of  Dalmania 
is  founded  were  collected  by  the  late  Dr.  Grind  rod  at  Malvern 
Tunnel.  The  species  has  a  strong  resemblance  to  certain  varieties 
of  D.  caudatus,  especially  those  more  nearly  approaching  D.  longi- 
caudatm;  its  nearest  ally  seems  to  be  D.  nezilii.  Among  its 
characters  are  spines  round  the  head,  the  height  of  the  head-shield, 
and  the  distance  between  the  eyes.  The  type-specimen  of  the 
second  species  came  from  the  Wenlock  Shale  of  Builth.  The 
Shineton  specimen  was  presented  to  the  Oxford  Museum  by  the 
Eight  Bev.  Bishop  Mitchinson. 

3.  "  On  Radiolaria  from  the  Upper  Chalk  at  Coulsdon  (Surrey).'* 
By  W.  Murton  Holmes,  Esq.  (Communicated  by  W.  Whitaker, 
Esq.,  F.R.S.,  F.G.S.) 

The  radiolaria  described  in  this  paper  were  contained  in  the 
cavities  of  two  small  flints  which  were  thrown  out  of  the  new 
cutting  between  Coulsdon  Station  and  the  new  Merstham  Tunnel  on 
the  L.B.  &  S.C.  Railway.  They  were  probably  derived  from  the 
zone  of  Holaster  planus.  After  treatment  with  hydrochloric  acid, 
the  material  yielded  silicified  casts  of  foraminifera  as  well  as  radio- 
laria. The  surface  of  the  radiolaria  is  so  much  altered  by  corrosion 
that  specific  identification  is  in  most  cases  impossible.  Twenty 
genera  have  been  recognized,  and  the  organisms  appear  to  belong  to 
forty-one  species  of  these  genera.  A  list  of  the  radiolaria  is  given, 
accompanied  by  a  short  description  of  each  form,  and  four  new 
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speoies  are  described.  The  DiRcoidea  appear  to  have  the  pre- 
dominance, and  the  specieB  of  Dictyomitra  come  next  in  numerical 
order. 

The  next  Meeting  of  the  Society  will  be  held  on  Wednesday, 
November  7th,  1900. 


PROFESSOR    M.    LOUIS    LARTET. 
Born  1840.  Died  1899. 

Professor  Louis  Lartet  was  the  son  of  a  former  distinguished 
Foreign  Member  of  the  Geological  Society  of  London,  Monsieur 
Edmund  Lartet.  In  1863  he  assisted  De  Verneuil  in  the  publication 
of  two  papers,  and  from  1864  to  1868  he  published  several  others, 
chiefly  on  the  Holy  Land,  leading  up  to  his  lengthy  essay  of  1869 
on  the  Geology  of  Palestine  and  of  the  neighbouring  countries, 
followed,  three  years  later,  by  a  shorter  paper  on  the  Paleeontology. 
In  1877  his  work  was  presented  in  a  more  elaborate  form  in  the  large 
quarto  volume  entitled  "  Geologicad  Exploration  of  the  Dead  Sea, 
of  Palestine,  and  of  Idumea,"  with  two  geological  maps,  three  plates 
of  sections,  and  eight  of  fossils  and  of  stone  implements.  By  these 
works  he  is  chiefly  known.  Professor  Louis  Lartet  was  elected 
a  Foreign  Correspondent  of  the  Geological  Society  of  London  in 
1882,  and  died  in  1899. 

SIR   DOUGLAS  S.  GALTON,  K.C.B.,   F.R.S.,    F.G.S. 
BoBN  1822.  Died  Mabch  10,  1899. 

Douglas  Galton  was  born  in  1822  at  Hadzor  House,  Worcester- 
shire. At  the  age  of  16  he  went  to  the  Royal  Military  Academy, 
and  in  1840  got  his  commission  in  the  Royal  Engineers,  greatly 
distinguishing  himself  and  gaining  the  first  prize  in  every  subject  of 
examination.  He  was  engaged  in  the  attempt  to  raise  the  **  Royal 
George."  He  served  on  the  Ordnance  Survey  and  did  much  work 
in  connection  with  railway  engineering,  metropolitan  drainage, 
submarine  cables,  and  the  sanitary  condition  of  the  Army,  serving 
on  various  Royal  Commissions,  etc.  In  1860  he  was  made  Assistant 
Inspector  General  of  Fortifications,  and  in  1862  Assistant  Under 
Secretary  of  State  for  War,  a  post  which  he  held  eight  years,  whea 
he  became  Director  of  Public  Works  and  Buildings  (under  the  Board 
of  Works),  in  which  ofiScial  capacity  he  served  until  1875.  He  was 
General  Secretary  of  the  British  Association  from  1871  to  1895,  and 
in  the  latter  year  he  became  President.  In  1894  he  was  made  Hon. 
Mem.  Inst.  C.E. ;  many  other  honours  were  conferred  upon  him, 
including  various  foreign  orders.  The  later  years  of  his  life  were 
specially  devoted  to  sanitary  science,  for  which  he  did  very  much, 
and  his  last  official  appearance  in  public  was  as  president  of  a  meeting 
of  the  Sanitary  Institute,  for  the  reading  of  a  paper  on  the  water- 
supply  of  London.  He  was  then  rather  indisposed,  though  nothing 
serious  was  suspected ;  but  he  got  weaker,  and  blood-poisoning  set 
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in.  He  was  bnried  at  Hadzor,  Woroestershire.  Donglas  GMfcon  was 
amongst  the  oldest  Fellows  of  the  Geological  Society,  having  been 
elected  in  1848,  and  serred  on  the  Council  from  1870  to  1874- 


FRANZ    RITTER    VON    HAUER. 
BoxN,  Vienna,  Jan.  30,  1822.  Dibd  March  20, 1899. 

BiTTEB  YON  Haues  has  been  called  the  Nestor  of  Austrian 
geologists,  having  been  for  many  years  Director  of  the  Greological 
Survey  and  Intendant  of  the  Imperial  Natural  History  Museum. 
He  was  bom  in  Vienna  in  1822,  and  educated  there  until  he  went  to 
the  Berg-Akademie  at  Schemnitz  from  1839  to  1843.  He  afterwards 
became  a  mining  official  in  Styria,  and  in  1846  was  made  Assistant 
to  Haidinger  at  the  Imperial  Mineralogical  Museum  in  his  native 
city,  when  he  began  original  pal  aeon  tological  work.  He  succeeded 
Haidinger  as  chief  of  the  Museum,  and  held  that  post  from  1867 
to  1885.  On  the  death  of  F.  von  Hochstetter  he  was  made  Curator 
of  the  Imperial  Natural  History  Museum,  in  which  post  he  did 
important  work,  retiring  at  last  on  account  of  old  age  and  ill-health. 
He  was  the  first  to  classify  the  Alpine  sedimentary  rocks  on 
a  strictly  stratigraphical  basis,  and  published  a  work  on  the 
Cephalopoda  of  the  Triassic  and  Jurassic  beds  of  the  eastern 
Alpine  regions.  His  general  map  of  the  Austrian  Empire  (in 
twelve  sheets,  published  1867-71,  reaching  a  fourth  and  extended 
•  edition  in  1884),  and  his  account  of  the  geology  of  that  empire, 
published  in  1876,  crown  his  life's  work.  Franz  Bitter  von  Hauer 
was  elected  a  Foreign  Correspondent  of  the  G^logical  Society  of 
London  in  1863,  a  Foreign  Member  in  1871 ;  and  he  was  awarded 
the  Wollaston  Medal  in  1882.  He  died  on  March  20,  1899.  Von 
Hauer  received  many  orders  and  honours,  held  various  offices,  and 
was  revered  as  a  teacher  and  leader  in  science. 


CHARLES    JULES    EDME    BRONGNIART. 
Born  1859.  Dibd  Afril  18,  1899. 

M.  Chakles  Bbonqniast  was  the  grandson  of  the  illustrious 
French  Botanist,  Adolphe  T.  Brongniart,  who  in  1841  received 
the  Wollaston  Medal  from  the  Geological  Society  of  London.  He 
was  an  Assistant  at  the  Museum  of  Natural  History,  Paris,  and  was 
^ne  of  the  chief  European  authorities  on  Fossil  Insects,  on  which  he 
wrote  a  number  of  papers  from  1876  onward.  His  principal  work 
was  published  in  1893,  in  the  form  of  two  large  quarto  volumes 
with  atlases  of  plates.  One  of  these  is  the  third  volume  of 
^*  Studies  on  the  Coal-measures  of  Commentry,"  which  is  devoted  to 
the  Entomological  Fauna  of  the  Carboniferous  epoch.  The  other  is 
"  Fossil  Insects  of  Primary  Times."  Several  of  his  papers  appeared 
as  translations  in  the  Geological  Magazine.  (See  Gsol.  Mag., 
1879,  Dec.  II,  Vol.  VI,  pp.  97-102,  PL  IV ;  1885,  Dea  III,  VoL  II, 
pp.  481-491,  PI.  XII ;  1888,  pp.  422-425,  one  page  illustration ; 
1895,  pp.  233-236.)  It  is  sad  that  so  distinguished  a  career,  from 
which  we  had  reason  to  expect  so  much  more  valuable  work,  should 
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have  been  ended  so  early.  Chables  Brongniabt  was  elected 
a  Foreign  Correspondent  of  the  Geological  Society  of  London  in 
1888,  and  died  April  18,  1899,  aged  40. 

TOWNSHEND    MONCKTON    HALL,    F.G.S. 
Born  Mabch  22,  1846.  Died  July  1,  1899. 

TowNSHBND  Hall  was  bom  at  Torquay  in  1845,  and  studied  for 
a  short  time  at  Wadham  College,  Oxford.  On  leaving  there  he  gave 
himself  up  to  science,  and  especially  to  geology.  A  paper  by  him  on 
the  distribution  of  fossils  in  the  North  Devon  Series  was  printed 
in  the  Quarterly  Journal  of  the  Geological  Society  (1867,  vol.  xxiii, 
pp.  371-381) ;  but  his  chief  contributions  to  the  geology  and 
mineralogy  of  his  native  county  are  in  the  Trans.  Devon  Association 
(of  which  he  was  a  member  from  the  first),  and  include  papers 
on  mineral  localities,  raised  beaches,  submerged  forests,  concentric 
lamination,  mineral  oil,  detssification  of  North  Devon  rocks,  and 
various  matters  of  local  geology.  He  also  contributed  to  the 
Geological  Magazine  and  to  the  Mineralogical  Magazine,  and 
wrote  several  sketches  of  the  Geology  of  Devonshire  or  parts  thereof, 
and  the  "  Mineralogists'  Directory."  He  became,  indeed,  well  known 
as  our  chief  local  authority  on  North  Devon. 

PROFESSOR    ROBERT    W.    BUNSEN,    Ph.D. 
Bosii  Mabch  13,  1811.  Died  August  16,  1899. 

Although  Bunsen  achieved  his  great  reputation  as  a  chemist, 
and  held  the  Chair  of  Chemistry  in  the  University  of  Heidelberg  for 
many  years,  he  wrote  (especially  in  his  earlier  life)  several  papers 
on  minerals  and  on  mineral  waters,  as  well  as  on  various  geological 
subjects,  notably  on  the  chemico- geology  of  Iceland.  To  the 
scientific  world  he  is  largely  known  for  his  work  on  spectrum 
analysis,  resulting  in  the  discovery  of  the  elements  csssium  and 
rubidium;  whilst  to  the  world  at  large  he  is  known  by  the 
invaluable  gas-burner  that  bears  his  name  and  the  principle  of 
'which  he  discovered.  Professor  R.  W.  Bunsen  was  elected  a  Foreign 
Member  of  the  Geological  Society  of  London  in  1856,  holding  the 
honorary'  distinction  for  43  years.     He  died  at  the  age  of  88  years. 

JOHN    BALDRY   REDMAN,  F.G.S.,  Memb.  Inst.C.E. 
BoKir  1816.  DiBD  Dbcembbb  21,  1899. 

John  Baldrt  Ebdman  was  elected  an  Associate  of  the  Institution 
of  Civil  Engineers  in  February,  1839,  and  a  Member  in  March, 
1846,  his  name  being  the  earliest  on  the  roll  of  over  6,300  Members 
and  Associates  at  the  time  of  his  death.  He  was  elected  an  F.G.S. 
in  1882.  He  did  much  service  to  geology  by  his  important  papers, 
read  to  the  institution  above-named,  '*  On  the  Alluvial  Formations, 
and  the  Local  Changes,  of  the  South  Coast  of  England,"  and  "  The 
East  Coast  between  the  Thames  and  the  Wash  Estuaries,"  published 
in  1854  and  1865,  which  were  the  first  systematic  account  of  the 
changes  along  a  great  length  of  our  coast,  in  this  case  from  Norfolk 
southward  to  Dorsetshire.    Much  other  work  of  the  kind  was  also 
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done  by  him,  for  instanoe  in  the  Eeports  of  the  British  AssociatioD 
Committee  on  Coast-erosion,  and  his  knowledge  was  always  at  the 
disposal  of  those  interested  in  the  subject.  He  died  at  the  good  old 
age  of  83. 

WILHELM    HEINRICH    WAAGEN. 
BoBN  June  23,  1841.  Died  Mabcu  24, 1900. 

The  celebrated  pala&ontologist  Wilhelm  Heinrich  Waagen  wa» 
born  at  Munich,  23rd  June,  1841,  and  educated  there  and  at  Zurich. 
In  the  latter  place  he  specially  studied  natural  history,  for  wbicb 
he  had  early  shown  great  taste. 

In  1864  his  first  paper,  "  Der  Jura  in  Franken,  Schwaben,  und  der 
Schweiz,"  made  its  appearance,  and  gained  a  prize. 

He  established  himself  first  at  Munich,  and  for  one  year  was 
natnral  history  tutor  to  Prince  Arnulph  and  Princess  Therese  of 
Bavaria.  In  December,  1870,  Waagen  was  appointed  palaeontologist 
to  the  Indian  Geological  Survey.  The  Indian  climate,  however, 
did  not  suit  him,  and  he  was  obliged  to  retire  in  August,  1875.  Th& 
previous  year  he  had  contracted  a  fortunate  and  happy  marriage 
with  Sophie,  Baroness  von  Gross-schedel. 

Shortly  after  quitting  India,  Waagen  settled  in  Vienna  and 
became  a  Tutor  at  the  University.  The  following  year  he  went 
to  Prag  to  occupy  the  Chair  of  Mineralogy  and  Geology  at  the 
German  Technical  High  School.  There,  on  the  death  of  Barrande, 
he  assisted  in  editing  the  continuation  of  the  "  Systeme  Silurien  de 
Bohcme/'  and  in  association  with  Professor  J.  Jahn  wrote  the  section 
Crinoids  for  that  work. 

On  Neumayer's  death,  Waagen  became  in  1890  Professor  of 
Palaeontology  at  the  University  of  Vienna,  a  post  which  he  held  till 
his  death  on  24th  March,  1900. 

Waagen  was  by  no  means  a  prolific  writer,  less  than  a  score  of 
papers  in  various  journals  being  written  by  him. 

His  principal  works  were  on  the  Jurassic  Cephalopoda  of 
Kutch  and  on  the  Salt  Range  Fossils,  both  forming  part  of  the 
"  Palasontologica  Indica,"  and  the  latter  incomplete  at  the  time  of 
his  decease. 

Of  the  value  of  these  works  from  a  systematic  point  of  view  it 
is  perhaps  as  yet  too  early  to  speak;  but  of  his  enthusiasm  and 
industry,  and  of  the  fact  that  he  greatly  advanced  our  knowledge 
of  Indian  palaeontology,  there  can  be  no  doubt. 


♦ 

The  Univeesity  of  London.— It  gives  us  great  pleasure  to 
announce  that  the  Senate  of  the  University  of  London  has  conferred 
the  degree  of  Doctor  of  Science  upon  Mr.  C.  W.  Andrews,  B.A., 
F.G.S.,  of  the  British  Museum  (Natural  History),  and  has  also 
awarded  him  the  Sherbrooke  Scholarship,  founded  by  the  late 
Lord  Sherbrooke,  Trust.  Brit.  Mus.  This  is  the  first  occasion  on 
which  this  scholarship  has  been  presented. 
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I. — FUBTHSB   NOTS8    ON   P0DOPHTHALMOU8  GbUSTAOIAMS    FBOM    THB 

Upper  Cbctaoeous  Fobhation  of  Bbitish  Columbia,  sto. 

By  Hbnrt  Woodwabd,  LL.D.,  F.R.S.,  F.Q.S.,  of  tho  British  Moseam  (Natural 

History). 

(PLATE  XVII.) 

{ConthttMfrom  th$  September  Numh$r^  p.  401.) 

Hoplopabia  Wbstoni,  sp.  nov.     (PL  XVII,  Figs,  la,  6,  c.) 

AMONG  other  specimens  received  from  the  Geological  Survey 
of  Canada  are  the  fragmentary  remains  of  a  Crustacean 
(enumerated  in  Dr.  Whiteaves'  list  as  No.  10),  comprising  the 
abdomen  (a),  a  small  part  of  a  carapace  (6),  and  the  penultimate 
joint  of  one  of  the  chelate  fore-limbs  (c),  occurring  in  detached  frag- 
ments (probably  parts  of  a  concretionary  nodule).  They  are  labelled 
Bed  Deer  Biver,  Alberta  Bange  15,  Township  23,  west  of  the  4th 
principal  meridian;  collected  by  Mr.  T.  C.  Weston,  1889.  Although 
in  so  fragmentary  a  condition  these  specimens  are  of  much  interest, 
and  are  characteristic  in  their  details. 

The  abdominal  segments  are  united  and  display  the  characteristic 
markings  and  raised  ridges  on  the  segments  seen  in  the  living 
Nephrops  Norvegieua  and  in  Hoploparia  Saxbyi  and  other  English 
Cretaceous  forms.  The  epimeral  portions  of  each  segment  are  roundly 
falcate,  and  divided  from  the  tergum  by  a  well-marked  ridge.  The 
sixth  segment  and  the  telson  are  more  rugose  and  marked  by  parallel 
ridges.  The  cephalothoracic  portion  is  too  obscure  for  description  ; 
the  surface  is  tuberculated.  The  penultimate  joint  of  the  great 
claw  is  very  coarsely  and  strongly  tuberculated,  as  much  so  as  in 
Enoploclytxa  and  in  Moploparia  scabra. 

Length  of  abdomen  (measured  along  dorsal  line),  5^  inches; 
width  over  third  segment,  2^  inches.  Length  of  penultimate 
segment  of  great  claw,  2^  inches ;  breadth,  2  inches. 

I  have  designated  this  form  as  Hoploparia  Wealoni,  after  the 
discoverer.  The  specimen  is  from  the  Upper  Cretaceous  of  the 
North- West  Territories. 

Hoplopabia  Bbnnbtti,  sp.  nov. 

This  species  is  based  on  a  very  imperfectly  preserved  specimen. 
No.  5  in  list,  contained  in  a  dark  nodule  (measuring  5"  x  2")  split 
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in  halves  very  irregularly,  and  exposing  the  dorsal  aspect  of  five 
posterior  abdominal  somites  and  the  telson  with  tv^o  swimmerett 
on  the  left  side  still  attached.  The  abdominal  segments  are  smooth, 
and  the  epimera  broadly  falcate  and  pointed  as  in  Homarut.  Length 
of  five  abdominal  segQients,  40  mm. ;  length  of  telson,  18  mm. ; 
breadth  of  abdomen,  25  mm. 

The  stemites  are  still  attached  to  the  abdomen,  bat  the  carapace 
has  been  removed,  exposing  the  inner  and  upper  surface  of  the 
oephalo thorax,  with  the  bases  of  five  pairs  of  ambulatory  appendages 
still  attached.  Length  of  cephalothoracic  portion,  30  mm.  Some  of  the 
small  ambulatory  legs  on  the  left  side  are  preserved  nearly  to  their 
extremities,  and  the  bases  of  the  large  (chelate)  fore-legs  can  also  be 
seen,  one  joint  of  which  shows  a  tuberculated  surface.  Length  of 
base  of  area  of  stemites,  25  mm. ;  greatest  breadth,  15  mm.  There 
is  no  trace  whatever  of  the  presence  of  large  palinurid  antennsa.  This 
and  the  general  character  of  the  thoracic  appendages  and  the  form  of 
the  abdomen,  resembling  the  modern  Homarus  rather  than  Palinuru9^ 
lead  me  to  refer  this  fossil  to  the  genus  Hoploparia.  I  have  added 
the  specific  name  of  Benneiti  after  its  discoverer. 

Formation :  Upper  Cretaceous. 

Locality :  Comox  Biver ;  collected  by  Mr.  J.  Bennett  in  1895. 

Ehoploolttia  minor,  sp.  noY. 

The  evidence  for  this  species  consists  of  a  nodule  (4''  X  3", 
No.  9  in  Dr.  Whiteaves'  list,  marked  also  59  in  white  paint)  split 
into  two  parts,  but  affording  little  comfort  to  the  investigator.  One 
can  make  out  an  imperfectly  preserved  carapace  (oephalothorax), 
with  a  tuberculated  surface  from  which  two  pairs  of  imperfectly 
preserved  antennaa  take  their  origin  and  the  flagella  of  which  can 
be  indistinctly  traced.  These  are  followed  by  a  pair  of  long  and 
slender  chelate  appendages,  with  finely  tuberculated  surfaces,  the 
fingers  of  the  forceps  being  very  attenuated  as  in  Enoploclytia 
Zeachii.  Two  pairs  of  slender  ambulatory  legs  follow ;  these  also 
have  forcipated  or  chelate  extremities.  The  abdominal  segments 
are  narrow  and  only  imperfectly  preserved. 

The  specimen  is  from  the  Upper  Cretaceous  of  Hornby  Island, 
and  was  obtained  by  Mr.  W.  Harvey  in  1893. 

Metebia  ?  Habveti,  sp.  nov. 

The  evidence  of  this  species  rests  on  a  single  specimen  exposed  on 
the  half  of  a  fractured  nodule  (3^  inches  x  2^  inches),  marked 
No.  8  in  list.  It  is  also  marked  3  in  ink.  It  was  obtained  by 
Mr.  W.  Harvey  in  1895  at  Hornby  Island,  and  shows  the  remains 
of  the  abdominal  somites  and  the  long  slender  rugose  fore-limbs 
of  the  cephalothorax  (2^  inches  in  length  by  i  inch  in  thickness). 
They  do  not  appear  to  nave  possessed  forceps  at  their  extremities, 
but  were  monodaotylous.  The  form  of  the  epimera  of  the  abdomen 
agrees  with  Meyeria  veclensta  in  shape. 

From  the  Upper  Cretaceous.  Named  after  its  discoverer,  Mr.  W. 
Harvey. 
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DECAPODA— BEACHTXIEAxCALLIANASSIDJE. 

CALLIANASSA,  Leaoh,  1814. 

Callianassa  Whitbavbsii,  H.  W.,  1896.      (PI.  XVII,  Figs.  2a,  b.) 

Quart.  Jouni.  Geol.  Soo.,  vol.  lii,  p.  223,  figs.  1,  2. 

In  addition  to  the  Macrouran  Deoapods  already  noticed  as  receired 
from  Dr.  J.  F.  Whiteaves,  F.G.S.,  on  behalf  of  the  Geological  Survey 
of  Canada,  I  find  the  following : — 

No.  2.  Nodule  in  four  pieces  collected  by  the  Rev.  G.  W.  Taylor 
-On  the  Puntledge  or  Comox  River,  Vancouver  Island,  in  1889. 

The  four  parts  of  this  nodule  display  on  the  split  surfaces  the 
remains  of  a  Callianassa,  or  possibly  parts  of  two  individuals,  but  so 
broken  up  and  detached  as  to  be  difficult  to  describe.  The  large 
fore-limbs  are  seen  (in  parts),  and  the  smaller  limbs  and  segments  of 
the  abdomen  are  also  present,  but  in  a  very  fragmentary  state.  These, 
fio  doubt,  are  referable  to  one  and  the  same  species,  viz.  Callianassa 
Whileavesii  (see  Q.J.G.S.,  1896,  vol.  lii,  p.  223,  figs.  1,  2). 

Formation :  Upper  Cretaceous. 

Locality  :  Comox  River,  Vancouver  Island. 

No.  11.  Eight  portions  of  nodules  (a  and  b,  c  and  d  being 
counterparts ;  e  and  /  are  halves  of  distinct  nodules ;  g  and  A  are 
pieces  of  the  rock  itself,  not  nodules),  a  and  5,  c  and  d,  e  and  / 
display  the  well-preserved  flattened  chelate  hands  of  Callianassa 
Whiteavesii  (PI.  XVII,  Figs.  2a,  b) ;  g  contains  a  fragment  of  a 
band ;  h  is  not  a  Crustacean  fragment,  but  an  undoubted  fish-bone. 

All  these  specimens  are  from  the  North-West  Territory,  Town- 
ehip  30,  Range  8,  west  of  4th  principal  meridian,  and  were  collected 
by  Mr.  J.  B.  Tyrrell,  F.G.S.  (May  25th,  1886). 

NoTB  ON  NoBTH  Ahbbioan  Cbbtaoeous  Speoies  of  Callianassa. 
Dr.  J.  F.  Whiteaves  calls  my  attention  to  a  paper  by  Mr.  W.  M. 
-Gabb  in  the  Geological  Survey  of  Califomia,  vol.  i,  Palasontology 
^1864,  4to),  Section  iv,  Description  of  the  Cretaceous  Fossils, 
p.  57,  pi.  ix,  figs,  la,  6,  e.  Here  Mr.  Gabb  describes  and  figures 
three  small  Crustacean  fragments,  ander  the  name  of  Callianassa 
Stimpsoni,  from  Chico  Creek  and  Clayton  Contra  Costa  County,  and 
also  found  near  Canada  de  las  Uvas  from  both  divisions  of  the 
Califomian  Cretaceous.  PI.  ix,  fig.  la,  is  correctly  described  as  three 
segments  of  abdomen,  and  may  very  likely  belong  to  a  Callianassa, 
but  figs,  lb  and  c  are  pieces  of  an  ornamented  chela  and  do  not  agree 
with  any  known  Callianassa.  Callianassa  Stimpsoni  may  therefore 
properly  remain  on  the  list  represented  by  fig.  la,  but  the  other 
figures  do  not  belong  to  the  same  Crustacean,  and  should  be 
separated  from  it  in  future.  The  chela  may  even  have  belonged 
to  a  Brachyuran  decapod. 

EXPLANATION  OF  PLATE  XVII. 
Pio.  1. — Hoploparia  Westoni^  H.  Woodw.,  sp.  noT.  Upper  Cretaceous  :  Red  Deer 
River,  Alberta  Range,  North-West  Territones.  (a)  Parts  of  carapace  or 
cephalothorax  ;  {b)  the  segments  of  the  abdomen ;  {c)  the  penultimate 
joint  of  one  of  the  chelate  fore-limbs.  (One-third  less  than  nat.  size.) 
FtQ.  2.^Callianas8a  Whiteavesii,  H.  Woodw.,  1896.  Upper  Cretaceous :  North- 
West  Territory,  [a)  Shows  a  complete  fore-limb  with  its  five-jointed 
chela;  (b)  another  example  with  three  joints  united.   (Drawn nat.  size.) 
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II. — On  a  Gbanophtbe    Dtks    iktrusiye    ik    thi   Gabbbo    or 
Abdmamitbohan,  Scotland. 

By  P^feesor  K.  Busz,  Fh.D.,  of  Munster. 

LAST  year,  while  on  an  excursion  to  Scotland,  I  Tisited  the 
I  Ardnamnrchan  peninsula,  which,  as  is  well  known,  consists  ta 
a  great  extent  of  rocks  belonging  to  the  gabbro  family.  On  the  road 
leading  from  the  little  village  of  Eilhoan,  opposite  the  Isle  of  Mull, 
on  the  north  coast,  a  small  quarry  has  been  opened  for  road-metal, 
which  shows  an  exquisite  section  of  a  granophyre  dyke  intrusive  in 
a  dark  and  almost  black  fine-grained  rock,  which  the  microscopic 
examination  proved  to  be  a  gabbro.  This  is,  therefore,  a  similar 
occurrence  to  that  of  Bamavave,  Garlingford,  Ireland,  which  has  been 
admirably  described  by  Professor  Sollas,  and  also  that  of  Stratk 
in  the  Isle  of  Skye,  of  which  Mr.  Harker  has  given  us  a  detailed 
account.  As  occurrences  of  this  kind  seem  to  be  rather  rare  and,  aa 
far  as  I  am  aware,  hitherto  not  known  from  Ardnamurchan,  I  may  be 
excused  for  calling  your  attention  to  the  following  short  description 
of  these  rocks,  although  there  is  but  little  to  be  added  to  the  results 
attained  by  the  skilful  researches  of  the  above-mentioned  authors,^ 
and  it  only  shows  again  that  on  Ardnamurchan  we  are  to  expect 
very  nearly  the  same  geological  phenomena  as  in  the  adjacent 
islands,  in  particular  in  Skye  and  Bum. 

I  will  now  describe,  firstly,  the  gabbro  and  try  to  explain  its- 
alterations  due  to  the  intrusion  of  the  granophyre  dyke,  and 
secondly,  the  granophyre,  and  the  effect  which  the  gabbro,  through 
having  been  partly  absorbed,  had  upon  its  composition. 

I.  Qahbro.  The  rock  under  consideration  is,  as  far  as  I  can 
judge,  a  dyke-rock,  and  is  exactly  like  some  of  the  dykes  which 
occur  in  connection  with  the  large  gabbro  masses  of  the  Odenwald 
Mountains  in  Germany,  which  have  been  carefully  examined  and 
described  by  Professor  Chelius,  of  Darmstadt  Owing  to  the  very 
unfavourable  weather  and  the  fact  of  the  whole  neighbourhood 
being  covered  by  deep  moorland,  I  was  unable  to  trace  the  extension 
of  the  dyke,  and  can  therefore  now  only  give  an  account  as  to  how 
it  is  exposed  in  the  quarry.  The  centre  of  the  latter  shows  the- 
dyke  to  a  width  of  about  two  yards,  and  it  is  then  covered  on  both 
sides  by  debris,  so  that  the  entire  thickness  is  certainly  greater. 
The  composition  and  structure  of  the  rock  is  not  the  same  in  all- 
its  parts. 

The  main  mass  consists  of  a  rock  almost  black  and  of  a  fine 
sugar-grained  structure,  similar  to  some  dense  quartzites,  and 
contains  no  microscopically  visible  excretions.  By  the  aid  of  a  lens, 
however,  the  rock  is  seen  to  consist  of  small  grains  of  a  grey  and 
black  colour. 

The  structure  as  exhibited  in  the  microscope  is  exquisitely  panidio- 
morphic,  according  to  Hosenbusch's  nomenclature,  the  essential 
constituents  being  felspar  and  pyroxene,  both  in  grains  of  about 
equal  size.  Both  in  structure  and  composition  it  coincides  exactly 
with  those  dyke-rocks  of  the  Odenwald  district  which  Chelius  named 
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i>eerbaobite,  after  the  village  Beerbach^  where  they  ocoar,  and  80 
this  rook  may  also  be  termed  beerbaohite. 

The  felspar,  aooording  to  its  optical  orientation,  is  very  nearly 
«  pure  anorthite,  the  maximum  extinction  angle  on  the  basal 
plane  being  between  33^  and  34°.  It  is  perfectly  clear  and 
<x)loarleBs,  and  exhibits  no  traces  of  decomposition  or  any  alteration 
whatever,  and  only  in  some  parts  contains  a  number  of  inclusions, 
which  are  principally  small  grains  of  pyroxene  and  magnetite,  often 
accumulating  in  the  centre.  Pyroxene  is  present  in  two  varieties, 
the  one  being  diallage,  the  other  common  augite,  both  about  in  equal 
quantities. 

The  diallage  shows  the  characteristic  structure  parallel  to  the 
orthopinacoid,  and  contains  numberless  thin  needle-shaped  inclusions 
of  black  or  brown  colour,  which  are  imbedded  parallel  to  the  vertical 
axis  as  well  as  to  the  basal  plane,  thus  producing  two  intersecting 
«ystems  of  striation;  in  some  instances  they  accumulate  in  the 
centre,  leaving  the  margin  almost  free.  The  colour  of  the  crystals 
is  dull  grey,  owing  to  these  inclusions.  In  sections  perpendicular 
to  the  vertical  axis  they  appear  as  minute  black  points,  giving  the 
<»rystals  a  dust-like  appearance. 

The  common  augite  is  very  pale  greyish-green,  and  almost 
<solourless  in  thin  slices.  It  contains  only  very  few  inclusions, 
principally  grains  of  magnetite,  and  can  therefore  easily  be  dis- 
tinguished from  diallage.  There  is  no  rhombic  pyroxene  present 
in  this  rock. 

The  third  essential  constituent  is  magnetite,  occurring  in  grains 
as  well  as  in  octahedral  crystals,  of  the  same  size  as  the  pyroxene 
and  felspar  individuals.  There  are  also  a  few  larger  patches  of 
quite  an  irregular  form  and  intergrown  with  the  other  constituents. 
Olivine  is  rare;  it  appears  in  grains,  which  through  decomposition 
lire  always  partly,  and  sometimes  entirely,  altered  into  green  serpen- 
tine with  magnetite  dust  There  are  only  very  few  accessories ;  they 
oonsist  of  thin  colourless  needles  of  apatite  and  small  light-brown 
patches  of  biotite,  the  latter  usually  intergrown  with  augite. 

This  gabbro,  as  mentioned  before,  does  not  exhibit  the  same 
oom position  and  structure  throughout.  There  exists  also  a  porphyritio 
variety,  which  may  be  termed  gabbro-porphyry,  or  in  this  case 
beerbachite-porphyry.  This  variety,  however,  was  not  found  in  $iiii ; 
but  numerous  xenoliths,  to  adopt  Professor  Sollas's  term,  in  the 
^ranophyre  show  this  structure.  Although  having  to  refer  to  these 
xenoliths  later  on,  I  will  give  here  a  short  description  of  them, 
in  order  to  show  how  the  porphyritio  variety  differs  from  the 
fine-grained  gabbro.  The  colour  of  both  is  the  same,  the  only 
difference  being  small  black  patches  as  a  rule  not  more  than  half 
a  centimetre  in  diameter.  They  are  formed  of  crystals  or  crystalline 
aggregates  of  triolinic  felspar,  showing  distinctly  the  cleavage  and 
the  twinning  lamellsd.  Their  colour  being  the  same  as  that  of  the 
rook,  they  are  not  easily  discernible  at  a  first  glance. 

The  groundmass  is  in  many  parts  of  exactly  the  same  composition 
4md  appearance  as  in  the  fine-grained  gabbro,  only  the  felspar 
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individuals  are  in  so  far  somewhat  different  as  they  exhibit  a  more^ 
lath-shaped  form. 

In  other  parts  rhombio  pyroxene  appears  in  considerable  quantity, 
and  generally  in  large  crystals,  showing  the  characteristic  pleo- 
chroism  of  hypersihene-'^dXQ  green,  yellow,  pink — and  the  parallel 
extinction ;  the  individuals  are  not  homogeneous,  but  show  a  poikilitia 
structure,  being  intergrown  with  numerous,  irregularly  disseminated, 
lath-shaped,  plagioclase  crystals. 

The  microsoopic  examination  of  the  porphyritic  plagioclase  crystal* 
shows  that  they  are  also  nearly  pure  anorthite,  like  the  plagioclase 
in  the  ground  mass  and  in  the  above-described  beerbachite,  the 
maximum  extinction  angle  being  about  84^  on  the  basal  plane.  The 
black  colour  is  due  to  a  great  quantity  of  black  dust-like  inclusiont- 
(similar  to  the  plagioclase  in  some  diorites  from  Sweden,  commonly 
known  as  black  Swedish  granite).  They  are  in  some  parts  of  the 
crystals  more  densely  distributed  than  in  others,  and  so  give  them 
a  cloudy  appearance. 

We  have  now  to  consider  how  these  constituents  of  the  gabbra 
have  been  altered  by  the  intrusion  of  the  granophyre  dyke.  The 
latter,  of  a  grey  colour,  is  on  an  average  one  foot  wide,  and  has- 
been  almost  vertically  intruded  into  the  surrounding  gabbro.  It 
contains  a  great  number  of  xenoHtbs,  which  belong  to  the  fine* 
grained  gabbro  as  well  as  to  the  porphyritic  variety.  A  detailed 
description  of  the  granophyre  will  follow  later  on ;  for  the  present 
it  may  suffice  to  say  that  the  acid  magma  has  absorbed  a  great 
quantity  of  the  gabbro,  and  the  xenoliths  can  be  studied  in  every 
stage  of  absorption. 

The  alteration  of  the  plagioclase  can  be  studied  best  on  the 
xenoliths  of  the  gabbro-porphyry.  On  the  margin  towards  the 
granophyre  they  first  lose  their  transparency,  and  the  outer  zone 
becomes  a  dull  greyish-brown  similar  to  decomposed  orthoclase  in 
granite;  the  examination  by  crossed  nicols  shows  that  actually 
a  gradual  alteration  into  orthoclase  has  taken  place,  the  zones  being 
like  those  in  the  Bytownite  from  Bamavave,  not  sharply  defined,  but 
gradually  passing  into  one  another.  The  centre  of  the  crystals  doe» 
not  show  much  of  this  alteration,  there  being  only  more  or  less  thin 
threads  of  the  brownish  substance.  Further  away  from  the  line  of 
junction,  where  the  granophyre  meets  the  gabbro,  the  plagioclase 
hardly  shows  any  alteration  at  all. 

Much  more  conspicuous  are  the  alterations  which  have  taken  place 
in  the  augite  —  a  fact  quite  in  accordance  with  the  observationa 
made  by  Professor  SoUas  and  Mr.  Barker.  Here,  as  in  the 
Bamavave  gabbro,  there  are  principally  three  diflTerent  prodncta 
of  alteration,  those  being  green,  rarely  brownish-green  hornblende, 
biotite,  and  granular  augite,  to  which  in  some  cases  steatite  may  be 
added.  The  last-named  occurs  only  in  the  gabbro-porphyry,  and  is^ 
the  alteration  product  of  the  rhombio  pyroxene.  Near  the  junction 
line  of  the  two  rooks  the  outer  zone  of  the  hypersthene  assumes- 
a  green  colour  and  becomes  less  transparent;  this  alteration  increasea 
towards  the  granophyre  until  the  entire  hypersthene  substance  !•> 
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changed  into  very  finely  striated  and  distinotly^  though  not  strongly , 
pleoohroio  steatite  of  a  light-green  colour. 

The  alteration  of  both  diallage  and  augite  seems  to  begin  with 
the  excretion  of  round  or  oval-shaped  grains  of  magnetite  or  titanic 
iron-ore,  sometimes  in  such  quantities  that  the  augite  seems  to  be 
nothing  but  an  agglomerate  of  them ;  then  there  appears  on  the 
margin  a  broader  or  narrower  border  of  green  or  brownish-green 
hornblende,  which  in  the  end  entirely  replaces  the  augite.  This 
hornblende  shows  mostly  the  characteristics  of  uralite,  but  there 
also  occasionally  occur  well-defined  crystals  which  show  no  siguB 
of  the  fibrous  structure  so  characteristic  of  uralite,  and  to  judge 
from  their  peculiar  brownish-green  colour  they  may  perhaps  be 
identical  with  the  variety  called  barkevikite.  The  formation  of 
biotite  is  less  common  and  generally  occurs  in  connection  with 
green  hornblende,  intergrown  with  which  it  forms  reddish-brown 
lamellso  or  irregular  patches.  Also  the  alteration  described  by 
Professor  Sollas  as  the  breaking  up  of  the  crystals  into  numerous 
granules  has  been  observed  in  some  cases,  always  accompanied  by 
the  formation  of  magnetite;  in  this  case  a  perfect  recrystallization 
has  taken  place. 

These  are,  in  short,  the  results  of  the  examination  of  the  gabbro 
and  the  gabbro-porphyry. 

We  must  now  turn  to  the  granophyre.  It  is  a  rather  fine-grained 
rock  of  grey  colour.  According  to  its  macroscopic  appearance  it 
might  be  termed  a  microgranite  or  aplite.  It  contains  numerous 
black  patches  of  gabbro  of  various  size  up  to  several  inches  in 
diameter,  and  is  spotted  with  minute  black  specks ;  felspar  crystals 
are  visible  in  great  numbers,  and  reach  up  to  2  mm.  diameter. 

Under  the  microscope  the  rock  presents  a  somewhat  peculiar 
appearance,  due  to  the  remarkable  way  in  which  quartz  occurs.  It 
forms,  as  a  rule,  small  crystals,  with  usually  well-defined  outlines, 
whereas  the  orthoclaae  appears  as  the  interstitial  matter.  The  quartz 
crystals  are  perfectly  clear  and  contain  but  few  inclusions,  amongst 
those  many  sharply  defined,  small  crystals  of  zircon,  only  terminated 
by  the  tetragonal  pyramid. 

The  orthoclase,  owing  to  decomposition,  is  of  a  dull  grey  colour. 
It  not  only  appears,  as  mentioned  before,  filling  up  the  spaces  between 
the  quartz  crystals,  but  also  forms  rectangular  crystals  up  to  two 
millimetres  in  size ;  the  greater  part  of  the  rock,  in  fact,  is  made 
np  of  such  larger  crystals,  while  quartz  and  the  interstitial  ortho- 
clase form  a  kind  of  groundmass. 

The  orthoclase  crystals  exhibit  in  the  centre  a  fairly  fresh  appear- 
ance, and  are  sometimes  even  quite  colourless,  while  the  outer 
zone  shows  exactly  the  same  features  as  the  felspar  of  the  ground- 
mass.  Under  crossed  nicols  this  clear  centre  in  many  cases  is  seen 
to  consist  of  twinned  triclinio  felspar,  showing  the  same  optical 
properties  as  that  in  the  gabbro.  These  parts  may  therefore 
undoubtedly  be  regarded  as  remains  of  xenocrysts  of  the  gabbro- 
plagioclase,  which  by  the  efifect  of  the  acid  magma  have  on 
their  outer  parts  been  transformed  into  orthoclase ;  this  alteration 
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has  often  gone  so  far  that  nothing  of  the  plagioolase  material  is  left, 
and  only  the  still  clear  appearance  of  the  centre  of  the  crystals 
indicates  that  originally  plagiodase  has  heen  present  By  this  we 
are  led  to  the  following  consideration  as  regards  the  solidification 
of  the  granophyre.  The  acid  magma,  when  intruding  into  the 
gabbro  mass,  has  broken  up  a  great  quantity  of  the  basic  rock,  and 
being  in  a  state  of  high  temperature  and  great  fluidity  was  able 
to  absorb  a  great  part  of  the  gabbro  xenoUths.  The  plagioolase 
xenocrysts  had  also  been  partly  absorbed  when  the  solidification 
of  the  rock  began  to  take  place,  the  first  separation  being  the 
orthoclase,  which  crystallized  in  parallel  intergrowth  with  what  had 
been  left  of  the  plagiodase  crystals.  Thus  a  very  acid  magma  being 
left,  quartz  crystallized  next  in  small  crystals,  whereas  the  inter* 
stitial  orthoclase,  filling  up  the  spaces  between  the  quartz  individuals, 
must  be  considered  the  last  excretion. 

As  further  constituents  of  the  granophyre,  hornblende,  pyroxene, 
mica,  and  magnetite  are  to  be  mentioned.  They  are  present  in 
considerable  quantity,  and  disseminated  throughout  the  whole 
mass  of  the  rock.  They  must,  however,  not  be  regarded  as 
originating  from  the  granophyre  magma,  but  are  either  xenocrysts  of 
the  adjacent  gabbro,  or  result  from  the  absorption  of  basic  material. 

Augite,  occurring  as  diallage  or  as  common  augite,  shows  all 
the  same  features  as  in  the  gabbro  rock,  with  the  difierence  that 
the  alteration  here  appears  in  a  more  advanced  stage.  Often  the 
whole  of  the  augite  or  diallage  crystal  has  been  entirely  altered  into 
green,  nralitoid  hornblende,  whereas  in  other  cases  one  or  several 
grains  of  the  unaltered  substance  remain  enclosed  in  the  alteration 
product  A  decomposition  of  the  uralite  into  a  chloritic  substance 
can  often  be  observed. 

There  is  also  another  variety  of  hornblende  present,  showing 
a  darker,  brownish-green  colour  and  also  a  more  intense  pleochroism. 
It  occurs  in  irregular  patches  and  also  in  well-defined  crystals, 
which  exhibit  the  characteristic  cleavages  and  the  outlines  of  the 
hornblende  prism.  They  are,  therefore,  not  nralite,  but  must 
be  considered  as  separations,  or  recrystallizations,  which  can  only 
originate  out  of  the  granophyric  magma  after  it  had  been  altered 
by  the  absorption  of  the  basic  rock.  This  conclusion  is  corroborated 
by  the  fact  that  such  hornblende  crystals  can  often  be  observed  on 
the  junction  line  between  the  two  rocks. 

Th&  hornblende  shows  the  peculiar  colouring  which  can  often  be 
observed  in  the  variety  named  barkevikite,  Uie  outer  part  being 
brownish-green,  which  gradually  changes  towards  the  centre  into 
reddish-brown.  Biotite  appears  always  in  connection  vnth  hornblende. 

From  this  description  the  granophyre  is  seen  to  be  very  similar 
to  the  one  of  Bamavave,  in  Irdand,  which  Professor  Sollas  described 
as  a  diallage-amphibole-augite-granophyre. 

To  sum  up  the  results  of  the  examination  of  the  rocks  from 
Ardnam  uroh  an — 

1.  The  gabbro  is  presumably  a  dyke-rock,  belonging  to  the  group 
which  has  been  termed  heerhaehiie,  and  also  partly  a  porphyritio 
variety  of  the  ^waiQ—heerhaehite-porphyry. 


Digiti 


zed  by  Google 


R.  H.  Tiddeman — Age  of  Gower  Raised  Beaches.        441 

2.  It  was  Bolidified  before  the  intrasion  of  the  granophyre,  as  the 
'latter  oontains  a  great  number  of  xenoliths  of  it,  which  have  under-  . 
gone  great  alterations  through  the  aotion  of  the  acid  magma. 

3.  The  granophyre  has  absorbed  a  considerable  quantity  of  the 
Imsio  materia],  thereby  altering  its  own  composition  and  giving  rise 
to  the  crystallization  of  hornblende  and  mica,  two  constituents  which 
we  have  to  consider  as  not  belonging  to  the  original  granophyre 
magma. 

4.  In  the  solidification  of  the  granophyre  two  stages  can  be 
distinguished,  the  first  giving  rise  to  the  formation  of  the  rectangular 
orthoclase  crystals,  which  crystallized  in  parallel  intergrowth  with 
the  plagioclase  zenocrysts,  the  second  forming  a  kind  of  groundmass 
in  which  fresh  quartz  crystallized,  while  the  orthoclase  filled  up  the 
remaining  spaces. 

III. — On  thb  Aqe  or  thb  Eaised  Beaoh  or  Southern  Bbitain 

AS  seen  in  Gowsb.^ 

By  E.  H.  TiDDBMAN,  M.A.,  F.G.S.,  of  H.M.  Geological  Snryey. 

(Commimicated  by  permission  of  the  Director-General  of  the  Geological  Surrey.) 

GOWER  has  a  reputation  for  its  caves  with  their  bone-beds,  and 
for  its  raised  beaches,  but  to  the  matter  of  its  Glacial  Drifts 
very  little  attention  has  been  paid. 

Some  of  the  caves  were  known  to  and  noted  by  Dean  Buckland.* 
The  caves  were  long  and  diligently  explored  by  Colonel  Wood  of 
Stout  Hall,  and  the  results  carefully  collated  by  Dr.  Falconer.  A 
great  number  of  the  bones  are  exhibited  in  the  Swansea  Museum. 
Mr.  Starling  Benson,  who  lived  at  Swansea,  has  left  an  account  of 
Bacon  Hole,  and  Dr.  Falconer  has  incidentally  alluded  to  other  caves 
in  describing  the  animal  remains. 

These  three  observers  noted  the  fact  that  the  cave  fauna,  which 
included  Hyana,  Elephas  anliquus,  and  Bhinoeeros  hemitcechus,  was 
found  in  bone-beds  in  the  shore  caverns  and  rested  on  or  above  a 
oemented  shelly  conglomerate,  which  was  evidently  a  raised  beach, 
for  it  formed  a  floor  across  the  cave  at  from  10  to  30  feet  above  the 
level  of  the  present  beach.  This  conglomerate  was  found  to  contain 
shells  which  could  not  be  distinguished  from  those  of  the  littoral 
2one  on  the  present  beach. 

It  was  recognized  that  the  beach  must  have  been  made  when  the 
43ea  was  at  that  higher  level,  and  that  the  bones  could  not  have  been 
accumulated  until  the  coast  had  been  raised  above  the  old  beach- 
level.  But  the  further  reasoning,  which  was  chiefly  concerned  with 
the  age  of  the  bones,  was  that,  the  beach  being  evidently  rather 
recent,  the  bones  must  be  more  recent  Falconer  did  not  appear 
quite  content  with  this,  and  called  in  Prestwich  to  assist  in  finding 
out  what  relation,  if  any,  the  bone-deposits  and  raised  beach  bore  to 
the  Glacial  deposits. 

Prestwich  appears  to  have  worked  from  the  west  along  the  coast 
to  Bacon  Hole,  but  not  to  the  east.     He  reported  :  "  With  respect  to 

'  ^  Bead  before  the  British  Association,  Section  0  (Geology),  Bradford,  Sept.,  1900. 
^  "  Beliquite  Dilnvianas." 
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the  point  I  had  partioolarly  in  view,  yiz.,  the  relation  of  the  Gower 
-oaTes  to  the  Boulder-clay,  I  am  as  yet  unahle  to  form  a  decided 
opinion.  I  got  the  Boulder-day  within  a  mile  of  the  raised  beach» 
but  on  opposite  sides  of  the  Point  of  Bhos-sili  the  subject  reqnires^ 
further  and  more  lengthened  inquiry."  On  this  Falconer  summed 
np  as  follows : — 

1.  That  the  Oower  caves  have  probably  been  filled  up  with 
mammalian  remains  since  the  deposition  of  the  Boulder-day. 

2.  That  there  are  no  mammalian  remains  found  elsewhere  in  the 
ossiferous  caves  of  Britain  referable  to  a  fanna  of  a  more  ancient 
geological  date. 

It  is  very  singular  how  near  these  two  eminent  men  were  ta 
making  a  discovery  for  which  they  were  even  looking.  To  the  east 
of  the  rich  colony  of  caves  between  Minchin  Hole  and  Bacon  Holer 
at  which  they  were  specially  workiug,  the  Drift-beds  come  on  in 
force,  and  the  succession  which  they  were  looking  for  might  have 
been  very  well  seen. 

It  is  true  that  the  proper  succession  was  gradually  hammered  out 
by  explorations  in  other  places  by  the  Victoria  Gave  Exploration 
Committee,  by  the  late  Dr.  Hicks  in  the  caves  of  North  Wales,  and 
at  a  later  day  by  the  Bev.  Q.  C.  H.  Pollen,  but  their  researches  and 
the  facts  evolved  by  them  received  a  long  and  well-sustained  fire 
of  hostile  criticism  which  has  not  long  come  to  an  end. 

The  survey  of  Gower  has  now  established,  I  think  I  may  say^ 
incontestably — 

1.  That  the  raised  beach  is  Pre-  or  Interglacial. 

2.  That  the  bone-beds  which  rest  upon  it  in  the  caves  are 
continuous  with  the  earlier  'head'  or  d6bris  which  lies  above  it 
along  the  coast,  and  which  consists  of  limestone  fragments. 

3.  That  Glacial  Drift  again  lies  over  this. 

4.  This  in  turn  is  often  covered  by  a  later  deposit  of  *  head.' 
Frequently,  immediately  above  the  raised  beach  is  a  deposit  of 

sand  which  is  probably  blown  sand.  It  contains  in  places  land- 
snails  which  are  abundant  on  the  blown  sands  of  Glamorganshire. 
It  is  of  a  foxy-red  colour,  and  its  lower  part  is  often  cemented 
together  into  calcareous  concretions,  containing  little  nodules  of 
manganese  and  iron.  The  sand  is  interesting  in  this  way,  that  it  is- 
seen  in  many  places  where  sand  could  not  blow  now.  The  upheaval 
of  the  coast  implied  by  the  raised  beach  would  necessarily  subject 
a  wide  fringe  of  foreshore  to  the  action  of  the  sun  and  wind,  and  the 
blown  sand  would  result.  It  is  just  where  we  might  reasonably 
expect  it 

The  section  is  not  always  complete.  Sometimes  the  Drift  ia 
absent,  sometimes  it  rests  on  rock,  sometimes  one  member  is  absent, 
sometimes  another,  but  this  represents  the  succession  in  which  they 
always  occur  when  present  it  is  astonishing  how  very  regular 
they  are,  considering  the  steep  irregularity  of  the  clififis  and  coasts. 

It  will  of  course  be  suggested  that  the  Drift  may  have  slipped 
down  from  the  cliflfs  above  on  to  the  'head.'  This  hypothesis  ia 
fairly  negatived  by  the  very  strong  contrast  in  material  between  th& 
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'head'  and  the  overlying  Drift  The  latter  is  full  of  rounded  stones 
of  Carboniferous  Sandstone  and  Old  Red  pebbles  and  fragments, 
with  scarcely  a  trace  of  limestone,  whilst  on  the  contrary  the  under- 
lying debris  contains  nothing  but  fragments  of  limestone.  The 
change  is  exceedingly  sudden,  and  forbids  the  possibility  of  the 
Drifts  resting  on  the  cliffs  for  long  previously,  and  later  slipping 
down  on  to  the  debris.  Scattered  boulders  would  certainly  have 
occurred  in  the  debris. 

The  Drift  is  evidently  the  ordinary  QIacial  Drift  of  Glamorgan- 
shire,  such  as  abounds  further  to  the  north-east,  nor  can  we  doubt 
that  it  is  about  the  same  age  as  that  which  sealed  up  in  the  Victoria 
Gave  at  Settle,  and  other  caves,  the  fauna  which  has  been  so 
abundant  in  the  caves  of  Gbwer,  a  fauna  which  if  not  Pre-Glacial 
was  certainly  Interglacial. 

On  the  other  hand,  the  discovery  of  the  antiquity  of  the  raised 
beach,  which  does  not  appear  to  have  been  even  hinted  at,  is  one 
which,  from  the  wide  range  of  that  physical  feature,  must  necessarily 
be  of  importance.  It  will  assist  in  building  up  the  relations  of  late 
formations  to  the  Glacial  Period  into  a  consecutive  system,  and 
establish  relations  with  other  successions  in  lands  to  which  Glacial 
phenomena  have  not  extended. 

rV". — ^NOTB   ON   THE   Agk   OF   THE    ENGLISH   WbALDBN   SeBIBS.^ 
By  G.  W.  LuiPLuoH,  F.G.S.,  of  H.M.  Geological  Survey. 

IN  recent  discussions  arising  from  the  renewed  attempts  to  define 
more  closely  the  boundary  between  the  Jurassic  and  Cretaceous 
systems  in  Russia,  Germany,  Belgium,  and  France,  and  also  in  North 
America,  constant  reference  has  been  made  to  the  English  Wealden 
deposits  as  affording  a  standard  of  comparison.  But,  meanwhile, 
doubt  has  been  thrown,  by  palasontologists  who  have  studied  certain 
portions  of  the  Wealden  flora  and  fauna,  on  the  hitherto  accepted 
classification  of  these  English  deposits  with  the  Lower  Cretaceous, 
on  the  grounds  that  the  fossils  showed  strong  Jurassic  affinities. 
This  opinion  has  been  expressed  by  the  late  Professor  0.  C.  Marsh 
in  regard  to  the  reptiles,  by  Dr.  A.  Smith  Woodward  in  regard  to 
the  fish,  and  by  A.  C.  Seward  in  regard  to  the  plants.  To  prevent 
further  confusion  it  is  therefore  desirable  that  certain  facts  which 
have  been  overlooked  in  this  discussion,  though  for  the  most  part 
already  published,  should  be  restated,  since  these  facts  seem  sufficient 
to  prove  that,  at  any  rate,  the  greater  portion  of  the  English  Wealden 
series  must  remain  as  part  of  the  Lower  Cretaceous. 

It  has  not  always  been  sufficiently  borne  in  mind  that  the  accumur 
lation  of  the  Wealden  Series  must  have  required  a  period  of  very 
long  duration.  The  sands  of  the  Hastings  Beds  may  indeed  have 
been  deposited  rather  rapidly,  but  the  shaly  clays,  with  layers  of 
shells  and  cyprids,  interstratified  with  these  sands,  indicate  slower 
sedimentation,  and  the  great  mass  of  Weald  Clay,  reaching  1,000 
feet  in  thickness,  must  represent  an  epoch  of  great  length.     Hence^ 

>  Read  before  the  British  Association,  Section  C  (Geology),  Bradford,  Sept.,  1900. 
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fiince  it  is  universally  acknowledged  that  the  fresh- water  conditions 
did  not  set  in  until  the  closing  stages  of  the  Jurassic  period,  it  seems 
inoTitable  from  this  consideratioa  alone  that  such  conditions  per- 
sisted into  Lower  Cretaceous  times. 

Again,  nearly  all  the '  Wealden '  fossils  in  which  Jurassic  aflSnities 
have  been  observed  have  been  obtained  from  the  lower  part  of  the 
Wealden  Series,  i.e.  from  the  Hastings  Beds,  and  very  little  is  ^nown 
respecting  the  corresponding  fossils  from  the  Weald  Clay,  which 
probably  represents  the  major  portion  of  the  Wealden  period. 

Moreover,  the  argument  from  the  Jurassic  affinities  of  the  land 
and  fresh-water  fossils  alone  inspires  no  confidence,  since  if  we 
eliminate  the  Lower  Wealden  fossils  from  the  Lower  Cretaceous 
lists  our  knowledge  is  practically  limited  to  the  marine  life  of  this 
period;  and  it  may  be  legitimately  asked  whether  the  land  and 
fresh-water  fossils  of  the  Hastings  Beds  are  not,  after  all,  of  the 
character  proper  to  the  lowermost  part  of  the  Cretaceous,  wherein 
a  close  relationship  to  the  immediately  preceding  period  seems  quite 
appropriate. 

It  is  from  the  stratigraphioal  evidence,  however,  that  the  Lower 
Oretaceous  age  of  at  least  the  greater  portion  of  the  English 
Wealden  Series  can  be  most  satisfactorily  established  by  its  relation 
to  the  marine  sequence  which  must  form  the  ultimate  basis  of  the 
olassifioation.  The  marine  beds  directly  overlying  the  Weald  Clay 
in  the  South  of  England  represent  only  the  latest  stage  (Aptien)  of 
the  Lower  Cretaceous  period ;  and  although  there  is  a  sharp  line 
of  demarcation  at  their  base,  this  seems  to  denote  a  rapid  change  of 
oonditions  and  not  a  lengthy  time-interval,  since  the  incoming  of 
marine  or  brackish-water  shells  near  the  top  of  the  Wealden  strata 
in  Dorset,  Hampshire,  and  Surrey,  foreshadowing  the  termination  of 
the  fresh-water  episode,  indicates  that  the  series  is  practically  com- 
plete; and  had  undergone  little,  if  any,  erosion  in  these  parts  before 
the  deposition  of  the  overlying  marine  strata.  Such  erosion  may, 
however,  have  taken  place  locally  towards  the  easterly  and  westerly 
terminations  of  the  basin  of  deposition,  where  the  topmost  beds  of 
the  Wealden  Series  are  not  found. 

In  the  Speeton  Clay,  where  the  Lower  Cretaceous  marine  sequence 
is  fully  represented,  the  equivalents  of  the  Lower  Qreensand  and 
Atherfield  Clay  of  the  South  of  England  are  comprised  within 
a  relatively  narrow  compass  in  the  sparingly  fossiliferous  upper 
part  of  the  sequence ;  *  and  therefore,  by  far  the  greater  portion  of 
the  Lower  Cretaceous  period,  if  represented  at  all  in  the  South  of 
England,  must  be  represented  in  the  Wealden  Series.  The  portion  of 
the  Speeton  Clay  unrepresented  by  marine  sediments  in  the  south 
includes  the  lower  part  of  the  zone  of  Belemnitea  Brunsvieen$i9  and 
the  whole  of  the  zone  of  Bel,  jaculum,  both  undoubtedly  Lower 
•Cretaceous  (Barrhiien,  Hauterivien^  and  Valanginien),  togeUier  with 
the  whole  of  the  zone  of  Bel.  lateralis,  the  fauna  of  which  shows 
Jurassic  affinities.  Furthermore,  in  tracing  this  marine  series  south- 
ward from  Yorkshire,  through  Lincolnshire  into  Norfolk,  the  author 

^  See  Sammary  of  Progress  of  the  Geological  Surrey  for  1897,  p.  129. 
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has  found  that  in  the  latter  oonnty  the  lower  zones  are  apparently 
absent,  and  the  remaining  portion,  representing,  probably,  the  lower 
part  of  the  zone  of  Bel.  Brunsvicensis,  is  charaoterized  by  the  presence^ 
among  the  marine  fossils,  of  plant  remains,  chiefly  fragments  of  a 
Wealden  fern,  Weichselia  (Ifanielli?),  and  by  other  indications  of 
flnviatile  inflaenoe,  suggesting  the  beginning  of  a  lateral  change  into 
Wealden  oonditions.^ 

With  the  well- recognized  gradual  development  of  fresh- water 
conditions  in  the  Purbeck  beds  of  the  Wealden  area  towards  the 
close  of  the  Jurassic  period,  and  somewhat  similar  indications  of  the 
reversal  of  this  process  in  the  top  of  the  Weald  Clay  duiing  the  later 
stages  of  the  Lower  Cretaceous,  and  with  the  above-mentioned 
evidence  for  a  lateral  passage  of  part  of  the  Lower  Cretaceous 
marine  sediments  of  the  North  of  England  into  estuarine  deposits 
further  south,  there  seems  every  reason  to  believe  that  in  the  fresh- 
water or  estuarine  strata  of  the  English  Wealden  the  whole  of  the 
time-interval  between  the  Portlandian  and  Aptien  stages  is  repre- 
sented, and  that  it  would  be  equally  erroneous  to  classify  the  series 
entirely  with  the  Jurassic  system  or  entirely  with  the  Cretaceous  if 
the  hitherto  recognized  boundary  of  these  systems  in  the  equivalent 
marine  deposits  of  other  areas  is  to  be  maintained. 

The  deposits  classed  as  Wealden  in  Belgium,  Gei-many,  and  France 
appear  to  be  much  more  restricted  in  vertical  range  than  the  English 
series,  and  to  represent  different  parts  of  the  period  in  different 
places,  but  nowhere  to  imply  the  same  long  continuance  of  fresh- 
water conditions  in  a  single  area. 


L  —  British  Association  roB  tub  Advanobhent  of  Soibnob. 
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1900. 
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Professor  W.  B,  Scott — Notes  on  the  Qeology  and  Pateontology  of 

Patagonia.     (See  p.  470.) 
Professor  J.  Joly,  FM.S. — On  the  Viscous  Softening  of  Rook-forming 
Minerals  at  Temperatures  below  their  Noimal  Melting  Points. 

On  the  Geological  Age  of  the  Earth,  as  indicated  by  the 

Sodium-contents  of  the  Sea. 

Some  Experiments  on  Denudation  by  Solution  in  Fresh 


and  Salt  Water. 

On  the  Inner  Mechanism  of  Marine  Sedimentation. 


Vaughan  Cornish, — On  Tidal  Hipplemarks  above  Low- water  Mark. 
Dr.  H.  Woodward,  JIB.iS.— Remarks  on  a  Table  of  Strata,    (p.  474.) 
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Observations. 

>  See  Surrey  Mem.  "  Borders  of  the  Wash,"  o.s.,  sheet  69,  pp.  21-25. 
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District. 
Bev.   W,  Lower  Carter,  —  Beport  on  the  Underground  Waters  of 

North- West  Yorkshire — the  Sources  of  the  Aire, 

A,  B.  Dioerryhouse. — Report  of  the  Committee  on  the  Movement  of 
Underground  Waters  of  Craven.     I.  The  Ingleborougb  District. 

£.  Greenly. — On  Ancient  Land-surfaces  of  Anglesey  and  Carnarvon-, 
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■■  On  the  Form  of  some  Rock-bosses  in  Anglesey. 

JDr,  Q.  AhhoU. — The  Concretionary  Types  in  the  Magnesian  Lime- 
stone of  Durham. 

Frof,  r.  Groom, — Pebbles  of  the  Hollybush  Conglomerate,    (p.  471.) 

On   the  Igneous  Rocks  associated   with   the    Cambrian 

System  of  Malvern.     (See  p.  473.) 

7^e  President, — On  a  Concealed  Coalfield  beneath  the  London  Basin. 

B,  H,  IHddeman, — On  the  Formation  of  Reef  Knolls. 

-J,  Lomas, — On  the  Construction  and  Uses  of  Strike  Maps. 
W.  Gibson, — On  Rapid  Changes  in  the  Thickness  and  Character  of 
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A,  Smith  Woodward, — Report  of  the  Committee  on  the  Registration 
of  Type- specimens. 

Bev,  J,  F,  Blake, — Suggestions  in  regard  to  the  Registration  of  Type 

Fossils.     (See  p.  471.) 
€,  B,  Wedd, — The  Outcrop  of  the  Corallian  Limestone  of  Elsworth 

and  St.  Ives. 
M.   Bolton, — Report  of  the  Committee  on   Caves  at  Uphill,  near 

Weston-super-Mare. 

B,  Lloyd  iVa«^cr.— Report  of  the  Committee  for  the  Exploration  of 
Irish  Caves. 

Joint  discussion  with  Section  K  on  the  Conditions  during  the  Growth 

of  the  Forests  of  the  Coal-measures.     The  discussion  was  opened 

bv  Mr.  A.  Strahan  and  Mr.  J.  E.  Marr,  F.RS.,  on  behalf  of 

Sfection  C,  and  by  Mr.  R.  Kidston  and  Mr.  A.  C.  Seward,  F.R.S., 

on  behalf  of  Section  K. 
Dr.  E,  D.  Wellbum.—On  the  Fossil  Fishes  of  the  Yorkshire  Coalfield. 

On  the  Fish  Fauna  of  the  Millstone  Grits  of  Great  Britain. 

J,  J,  H,  Teall  F,B.8„   Pres,  G.5.— On  the  Plutonic  Complex  of 

Cnoc  na  Sroine,  and  its  bearing  on  current  Hypotheses  as  to  the 

Genesis  of  Igneous  Rocks. 
Professor  IT,  Busz. — On  a  Granophyre  Dyke  intrusive  in  the  Gkibbro 

of  Ardnamurchan,  Scotland.     (See  p.  436.) 
Professor  H,   A,  Miers,  FB,S, — Report  of  the  Committee  on  the 

Present  State  of  our  Knowledge  of  the  Structure  of  Crystals. 
Dr,   Wheelton  Hind, — Report  of  the  Committee  on  Life  Zones  in 

British  Carboniferous  Rocks. 
Miss  Igerna  B,   J,  Sollas,  B,Sc, — On  Naiadites  from   the  Upper 

Rhsetic  of  Redland,  Bristol. 
F.  W.  Harmer, — The  Influence  of  the  Winds  upon  Climate  during 


Digiti 


zed  by  Google 


the  British  Association.  447 

past  epochs :   a  Meteorologioal  Explanation  of  some  Geologioal 

Problems. 
Dr,  J.  Monehman. — Notes  on  some  recent  Excavations  in  the  Glacial 

Drift  in  Bradford. 
J.  E,   Wilson. — On  a  Glacial  Extra-Morainic  Lake  occupying  the 

Valley  of  the  Bradford  Beck. 

A.  Jowetl  and  H,  B,  Muff. — Notes  on  the  Glaciation  of  the  Keighley 
and  Bradford  Districts. 

J.  W.  Slather, — The  Source  and  Distribution  of  the  Far-travelled 
Boulders  of  East  Yorkshire. 

On  the  Glacial  Phenomena  of  the  North-East  Comer  of 

the  Yorkshire  Wolds. 

B.  H,  Tiddeman. — Raised  Beaches  of  Gower,  South  Wales,  and  their 
relation  to  the  Glacial  Deposits.     (See  p.  441.) 

Profeasor  P.  F,  KendalL — Keport  of  the  Committee  on  the  Erratic 

Blocks  of  the  British  Isles. 
Professor  A,    P.    Coleman,  —  On  a  Ferriferous  Horizon    in    the 

Huronian  north  of  Lake  Superior. 
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J,  R,  Dakyns, — Notes  on  the  Glacial  Geology  of  Snowdon. 
B.  D,  Oldham. — Beach  Formation  in  Thirlmere  Reservoir.  (See  p.  473.) 

Basal  (Carboniferous)  Conglomerate  of  Dllswater  and  its 

Mode  of  Formation. 

Professor  W,  W,  Watts. — Report  of  the  Committee  for  the  Collection 

and  Preservation  of  Geologioal  Photographs. 
W.  H.  Crofts. — New  Dock-sections  at  Hull. 
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Isle  of  Man. 
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of  Oceanic  Salt  Deposits. 
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F.G.S.). — The  Bearings  of  Fossil  Ichthyology  on  the  Problem  of 
Evolution.     (See  p.  463.) 

Index  Animalium. — Report  by  Committee:  Dr. H.  Woodward,  F.R.S. 
Chairman  ;  C.  Davies  Sherborn,  Reporter.     (See  p.  473.) 
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Plankton  Investigation. 

Professor  W.  B.  Scott. — ^The  Miocene  Fauna  of  Patagonia. 
J.  Stanley  Gardiner. — InveetigationB  opon  the  Coral  Beefs  of  the- 
Indian  Begion  (Beport). 
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Taughan  Cornish. — On  Snow  Bipples  and  Sastrugi, 
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Dissection. 
Br.  B.  B.  Mm.— The  Treatment  of  Begional  Geography. 
E.  O.  Bavenstein. — Foreign  and  Colonial  Surveys. 
J.  Milne,  F.BS. — Large  Earthquakes  recorded  in  1899. 
Beport  of  Committee  on  Physical  and  Chemical  Constants  of  Se» 

Water. 
B  T.  OUnther. —  On  the  possibility  of   obtaining  more  Beliable 

Measurements  of  the  Changes  of  Uie  Land-level  of  the  Phlegradan 

Fields. 

SsonoN  F  (EooNOMio  Soienos  and  Statistios). 

Professor  W.  Saunders,  LL.D. — Besults  of  Experimental  Work  ia 
Agriculture  in  Canada  under  Government  Organization. 

Seotion  G  (Meohanioal  Soienos). 

jr.  Watson.  — Water  Supply,  with  a  Description  of  the  Bradford 

Waterworks. 
J.  H.  Glass. — ^The  Coal  and  Iron  Ore  Fields  of  Shansi  and  Honan, 

and  Bailway  Construction  in  China. 

Seotion  H  (Anthropology). 

Presidents  Address  (Professor  John  Bhys,  M.A.). — The  Prehistoric 

Ethnology  of  the  British  Islands. 
J.  Pazton  Moir. — Stone  Implements  of  the  Natives  of  Tasmania. 
Professor  JS.   B.   Tylor,  FB.S. — The   Stone  Age  in  Tasmania  as 

related  to  the  History  of  Civilization. 
D.  G.  Hogarth. — The  Cave  of  Psychro  in  Crete. 
A.  M.  BeU. — On  the  occurrence  of  Flint  Implements  of  PalsBolithio 

type  on  an  old  Land-surface  in  Oxfordshire,  near  Wolveroote  and 

Pear-tree    Hill,   together  with  a  few    Implements    of   various 

Plateau  types. 
A.  C.  Haddon,  ScD.,  f.RS.— Belies  of  the  Stone  Age  in  Borneo. 

Section  K  (Botany). 

Dr.  D.  H.  Scott,  F.B.S. — On  the  presence  of  seed-like  organs  in 

certain  Palaeozoic  Lycopods. 
The  Primary  Structure  of  certain  Palaeozoic  Stems  referred 

to  Araucarioxylon. 
A.   C.  Seward,  FB.S,  and  Elizabeth  Bale.— On  the  Structure  of 

Bipteris  conjugata,  Bein,  with  notes  on  the  geological  history  of 

the  Dipteridinae. 
Professor  Bower,  FB.S. — Illustrations  of  Sand-binding  Plants. 
W.  C.  Worsdell. — The  Origin  of  Modem  Cycads. 
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n. — BUTIfH  ASSOOIATIOM   FOB  THS   AdTAMOBHINT  OF  SoiINOI. 

Bbadfobd,  1900. 

Addbiss  to  the  Gbolooioal  Sbotiom,  by  Professor  W.  J.  SoLLASy 
D.Sc.,  LL.D.,  F.RS.,  President  of  the  Section.   (Slightly  abridged.) 

Evolutional  Oeology. 

THE  close  of  one  century,  the  dawn  of  another,  may  naturally 
suggest  some  brief  retrospective  glance  over  the  path  along 
which  our  science  has  advanced,  and  some  general  survey  of  its 
present  position  from  which  we  may  gather  hope  of  its  futuret 
progress;  but  other  connection  with  geology  the  beginnings  and 
endings  of  centuries  have  none.  The  great  periods  of  movement 
have  hitherto  begun,  as  it  were,  in  the  early  twilight  hours,  long 
before  the  dawn.  Thus  the  first  step  forward,  since  which  there 
has  been  no  retreat,  was  taken  by  Steno  in  the  year  1669 ;  more 
than  a  century  elapsed  before  James  Button  (1785)  gave  fresh 
energy  and  better  direction  to  the  faltering  steps  of  the  young 
science;  while  it  was  less  than  a  century  later  (1863)  when  Lord 
Kelvin  brought  to  its  aid  the  powers  of  the  higher  mathematics  and 
instructed  it  in  the  teachings  of  modem  physics.  From  Steno 
onward  the  spirit  of  geology  was  catastrophic ;  from  Hutton  onward 
it  grew  increasingly  uniformitarian ;  from  the  time  of  Darwin  and 
Kelvin  it  has  become  evolutional.  The  ambiguity  of  the  word 
'uniformitarian'  has  led  to  a  good  deal  of  fruitless  logomachy, 
against  which  it  may  be  as  well  at  once  to  guard  by  indicating  the 
sense  in  which  it  is  used  here.  In  one  way  we  are  all  uniformi- 
tarians,  i.e.  we  accept  the  doctrine  of  the  **  uniform  action  of  natural 
causes,"  but,  as  applied  to  geology,  uniformity  means  more  than 
this.  Defined  in  the  briefest  fashion  it  is  the  geology  of  Lyell. 
Hutton  had  given  us  a  *'  Theory  of  the  Earth,"  in  its  main  outlines 
still  faithful  and  true,  and  this  Lyell  spent  his  life  in  illustrating 
and  advocating;  but,  as  so  commonly  happens,  the  zeal  of  the 
disciple  outran  the  wisdom  of  the  master,  and  mere  opinions  were 
insisted  on  as  necessary  dogma.  What  did  it  matter  if  Hutton,  as 
a  result  of  his  inquiries  into  terrestrial  history,  had  declared  that  he 
found  no  vestige  of  a  beginning,  no  prospect  of  an  end  ?  It  would 
have  been  marvellous  if  he  had !  Consider  that  when  Button's 
"Theory"  was  published  William  Smith's  famous  discovery  had 
not  been  made,  and  that  nothing  was  then  known  of  the  orderly 
succession  of  forms  of  life,  which  it  is  one  of  the  triumphs  of  geology 
to  have  revealed ;  consider,  too,  the  existing  state  of  physics  at  the 
time,  and  that  the  modem  theories  of  energy  had  still  to  be  formu- 
lated; consider  also  that  spectroscopy  had  not  yet  lent  its  aid  to 
astronomy,  and  the  consequent  ignorance  of  the  nature  of  nebulso : 

and  then,  if  you  will,  cast  a  stone  at  Hutton 

Our  science  has  become  evolutional,  and  in  the  transformation 
has  grown  more  comprehensive :  her  petty  parochial  days  are  done, 
she  is  drawing  her  provinces  closer  around  her,  and  is  fusing  them 
together  into  a  united  and  single  commonwealth — the  science  of 
the  earth. 
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Not  merely  the  earth's  crast,  bat  the  whole  of  earth-knowledge  is 
the  sabject  of  our  researoh.  To  know  all  that  can  be  known  about 
our  planet,  this,  and  nothing  less  than  this,  is  its  aim  and  soope. 
From  the  morphologioal  side  geology  inquires  not  only  into  the 
existing  form  and  struoture  of  the  earth,  but  also  into  the  series  of 
Buooessiye  morphologioal  states  through  whioh  it  has  passed  in 
a  long  and  changeful  development.  Our  scienoe  inquires  also  into 
the  distribution  of  the  earth  in  time  and  space ;  on  the  physiologioal 
side  it  studies  the  movements  and  activities  of  our  planet ;  and  not 
content  with  all  this,  it  extends  its  researches  into  »tiology  and 
endeavours  to  arrive  at  a  science  of  causation.  In  these  pursuits 
geology  calls  all  the  other  sciences  to  her  aid.  In  our  common- 
wealth there  are  no  outlanders;  if  an  eminent  physicist  enter  our 
territory  we  do  not  begin  at  once  to  prepare  for  war,  because 
the  very  fact  of  his  undertaking  a  geological  inquiry  of  itself 
confers  upon  him  all  the  duties  and  privileges  of  citizenship. 
A  physicist  studying  geology  is  by  definition  a  geologist  Our 
only  regret  is,  not  that  physicists  oocasionallv  invade  our  borders, 
but  that  they  do  not  visit  us  oftener  and  make  closer  acquaintance 
with  US. 

Early  Ristory  of  the  Earth :  First  Oritieal  Period. 

If  I  am  bold  enough  to  assert  that  cosmogony  is  no  longer  alien 
to  geology,  I  may  proceed  further,  and  taking  advantage  of  my 
temerity  pass  on  to  speak  of  things  once  not  permitted  to  us. 
I  propose  therefore  to  offer  some  short  account  of  the  early  stages 
in  the  history  of  the  earth.  Into  its  nebular  origin  we  need  not 
inquire — that  is  a  subject  for  astronomers.  We  are  content  to 
accept  the  infant  earth  from  their  hands  as  a  molten  globe  ready 
made,  its  birth  from  a  gaseous  nebula  duly  certified.  If  we  ask,  as 
a  matter  of  curiosity,  what  was  the  origin  of  the  nebula,  I  fear  even 
astronomers  cannot  tell  us.  There  is  an  hypothesis  which  refers  it 
to  the  dashing  of  meteorites,  but  in  the  form  in  which  this  is 
usually  presented  it  does  not  help  us  much.  Sudi  meteorites  as 
have  been  observed  to  penetrate  our  atmosphere  and  to  fall  on  to  the 
surface  of  the  earth  prove  on  examination  to  have  had  an  eventful 
history  of  their  own,  of  which  not  the  least  important  chapter  was 
a  passage  through  a  molten  state ;  they  would  thus  appear  to  be  the 
products  rather  than  the  progenitors  of  a  nebula. 

We  commence  our  history,  then,  with  a  rapidly  rotating  molten 
planet,  not  impossibly  already  solidified  about  the  centre,  and 
surrounded  by  an  atmosphere  of  great  depth,  the  larger  part  of 
whioh  was  contributed  by  the  water  of  our  present  oceans,  then 
existing  in  a  state  of  gas.  This  atmosphere,  which  exerted  a  pres- 
sure of  something  like  6,0001b.  to  the  square  inch,  must  have 
played  a  very  important  part  in  the  evolution  of  our  planet  The 
molten  exterior  absorbed  it  to  an  extent  whioh  depended  on  the 
pressure,  and  which  may  some  day  be  learnt  from  experiment 
Under  the  influence  of  the  rapid  rotation  of  the  earth  the  atmosphere 
would  be  much  deeper  in  equatorial  than  polar  regions,  so  that  in 
the  latter  the  loss  of  heat  by  radiation  would  be  in  excess.     This 
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might  of  itself  lead  to  conveotional  ourrents  in  the  molten  ocean. 
The  effect  on  the  atmosphere  is  very  difficult  to  traoe,  bat  it  is 
obvious  that  if  a  high-pressure  area  originated  over  some  cooler 
region  of  the  ocean,  the  winds  blowing  out  of  it  would  drive  before 
them  the  cooler  superficial  layers  of  molten  material,  and  as  these 
were  replaced  by  hotter  lava  streaming  from  below,  the  tendency 
would  be  to  convert  the  high-  into  a  low-pressure  area,  and  to 
reverse  the  direction  of  the  winds.  Conversely,  under  a  low- 
pressure  area,  the  in-blowing  winds  would  drive  in  the  cooler 
superficial  layeiii  of  molten  matter  that  had  been  swept  away  from 
the  anticyclones.  If  the  difference  in  pressure  under  the  cyclonic 
and  anticyclonic  areas  were  considerable,  some  of  the  gas  absorbed 
^nder  the  anticyclones  might  escape  beneath  the  cyclones,  and  in 
a  later  stage  of  cooling  might  give  rise  to  vast  floating  islands  of 
scoria.  Such  islands  might  be  the  first  foreshadowings  of  the  future 
continents.  Whatever  the  ultimate  effect  of  the  reaction  of  the 
winds  on  the  currents  of  the  molten  ocean,  it  is  probable  that  some 
kind  of  circulation  was  set  up  in  the  latter.  The  universal  molten 
ocean  was  by  no  means  homogeneous :  it  was  constantly  undergoing 
changes  in  composition  as  it  reacted  chemically  with  the  intemiu 
metallic  nucleus :  its  currents  would  streak  the  different  portions 
out  in  directions  which  in  the  northern  hemisphere  would  run  from 
N.E.  to  S.W.,  and  thus  the  differences  which  distinguish  particular 
petrological  regions  of  our  planet  may  have  commenced  their 
existence  at  a  very  early  stage.  Is  it  possible  that  as  our  know- 
ledge extends  we  shall  be  able  by  a  study  of  the  distribution  of 
igneous  rocks  and  minerals  to  draw  some  conclusions  as  to  the 
direction  of  these  hypothetical  lava  currents?  Our  planet  was 
profoundly  disturbed  by  tides,  produced  by  the  sun,  for  as  yet 
there  was  no  moon;  and  it  has  been  suggested  that  one  of  its  tidal 
waves  rose  to  a  height  so  great  as  to  sever  its  connection  with  the 
earth  and  to  fly  off  as  the  infant  moon.  This  event  may  be  regarded 
as  marking  the  first  critical  period,  or  catastrophe  if  we  please,  in 
the  history  of  our  planet.  The  career  of  our  satellite,  after  its  escape 
from  the  earth,  is  not  known  till  it  attained  a  distance  of  nine 
terrestrial  radii ;  after  this  its  progress  can  be  clearly  followed. 
At  the  eventful  time  of  parturition  the  earth  was  rotating,  with 
a  period  of  from  two  to  four  hours,  about  an  axis  inclined  at  some 
11°  or  12°  to  the  ecliptia  The  time  which  has  elapsed  since  the 
moon  occupied  a  position  nine  terrestrial  radii  distant  from  the  earth 
is  at  least  fifty-six  to  fifty-seven  millions  of  years,  but  may  have 
been  much  more.  Professor  Darwin's  story  of  the  moon  is  certainly 
one  of  the  most  beautiful  contributions  ever  made  by  astronomy  to 
geology,  and  we  shall  all  concur  with  him  when  he  says,  **  A  theory 
reposing  on  vera  causa,  which  brings  into  quantitative  correlation 
the  length  of  the  present  day  and  month,  the  obliquity  of  the 
ecliptic,  and  the  inclination  and  eccentricity  of  the  lunar  orbit, 
must,  I  think,  have  strong  claims  to  acceptance." 

The  majority  of  geologists  have  long  hankered  after  a  metallic 
nucleus  for  the  earth,  composed  chiefly,  by  analogy  with  meteorites. 
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of  iron.  Lord  Kelvin  has  admitted  the  probable  ezistenoe  of  some^ 
snob  nucleus,  and  lately  Professor  Wiecbert  bas  fumisbed  us  with 
arguments — **  powerful"  arguments  Professor  Darwin  terms  tbem — 

in  support  of  its  existence 

Tbe  outer  enTclope  of  tbe  eartb  wbicb  was  drawn  off  to  form  the* 
moon  was,  as  we  bave  seen,  cbarged  witb  steam  and  otber  gases- 
under  a  pressure  of  5,000  lb.  to  tbe  square  incb ;  but  as  tbe  satellite- 
wandered  away  from  tbe  parent  planet  tbis  pressure  continuously 
diminisbed.  Under  tbese  circumstances  tbe  moon  would  become 
as  explosiye  as  a  cbarged  bomb,  steam  would  burst  fortb  from 
numberless  volcanoes,  and  wbile  tbe  face  of  tbe  moon  migbt 
tbus  bave  acquired  its  existing  features  tbe  ejected  material  migbt 
possibly  bave  been  sbot  so  far  away  from  its  origin  as  to  bave 
acquired  an  independent  orbit  If  so,  we  may  ask  wbetber  it  may 
not  be  possible  tbat  tbe  meteorites,  wbicb  sometimes  descend  upon 
our  planet,  are  but  portions  of  its  own  envelope  returning  to  it 
Tbe  facts  tbat  tbe  average  specific  gravity  of  tbose  meteorites  wbicb 
bave  been  seen  to  fall  is  not  mucb  above  3*2,  and  tbat  tbey  bave 
passed  tbrougb  a  state  of  fusion,  are  consistent  witb  tbis  suggestion* 

Second  Criiieal  Period :  "  Consistentior  Status" 
Tbe  solidification  of  tbe  eartb  probably  became  completed  soon 
after  tbe  birtb  of  tbe  moon.  Tbe  temperature  of  its  surface  at  tbe 
time  of  consolidation  was  about  1170°  0.,  and  it  was  tberefore  still 
surrounded  by  its  primitive  deep  atmospbere  of  steam  and  otber 
gases.  Tbis  was  tbe  second  critical  period  in  tbe  bistory  of  tbe 
eartb,  tbe  stage  of  tbe  '' consistentior  status,"  tbe  date  of  wbicb 
Lord  Kelvin  would  ratber  know  tban  that  of  tbe  Norman  Conquest, 
though  he  thinks  it  lies  between  twenty  and  forty  millions  of  yeara 
ago,  probably  nearer  twenty  than  forty. 

Now  that  the  crust  was  solid  there  was  less  reason  why  move- 
ments of  the  atmosphere  should  be  unsteady,  and  definite  regions  of 
high  and  low  pressure  might  bave  been  established.  Under  the 
bigb-pressure  areas  the  surface  of  the  crust  would  be  depressed; 
correspondingly,  under  the  low-pressure  areas  it  would  be  raised; 
and  thus  from  the  first  the  surface  of  the  solid  earth  might  be 
dimpled  and  embossed. 

Third  Critical  Period:  Origin  of  the  Oceans. 

The  cooling  of  the  earth  would  continuously  progress,  till  tbe 
temperature  of  the  surface  fell  to  370°  0.,  when  that  part  of  the 
atmosphere  which  consisted  of  steam  would  begin  to  liquefy ;  then 
tbe  dimples  on  tbe  surface  would  soon  become  filled  with  super- 
heated water,  and  the  pools  so  formed  would  expand  and  deepen  till 
they  formed  the  oceans.  This  is  the  third  critical  stage  in  the 
bistory  of  the  earth,  dating,  according  to  Professor  Joly,  from 
between  eighty  and  ninety  millions  of  years  ago.  With  the  growth 
of  the  oceans  the  distinction  between  land  and  sea  arose — in  what 
precise  manner  we  may  proceed  to  inquire 

The  ocean  when  first  formed  would  consist  of  highly  heated 
water,  and  this,  as  is  well  known,  is  an  energetic  chemical  reagent 
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when  brought  into  contact  with  silicates  like  those  which  formed 
the  primitive  crust.  As  a  result  of  its  action  saline  solutions  and 
ohemical  deposits  would  be  formed;  the  latter,  however,  would 
probably  be  of  no  great  thickness,  for  the  time  occupied  by  the 
ocean  in  cooling  to  a  temperature  not  far  removed  from  the  present 
would  probably  be  included  within  a  few  hundreds  of  years. 

The  Stratified  Series. 

The  course  of  events  now  becomes  somewhat  obscure,  but  sooner 
or  later  the  familiar  processes  of  denudation  and  deposition  started 
Into  activity,  and  have  continued  acting  uninterruptedly  ever  sinoe. 
The  total  maximum  thickness  of  the  sedimentary  deposits,  so  far  as 
I  can  discover,  appears  to  amount  to  no  less  than  50  miles,  made  up 
as  follows : — 


Man. 
Pithecaaihropiif. 

Eaiheria. 


Feet. 

Recent  and  Pleistocene 

...      4,000 

Pliocene     

...      6,000 

Miocene     

...      9,000 

Oligocene 

...     12,000 

Eocene       

...     12,000 

Cretaceous 

...     14,000 

Jorassio      

...      8,000 

Trias          

...     13,000 

Permian     

...     12,000 

Oarbonilerons 

...     24,000 

DoTonian 

...     22,000 

SUurian      

...     16,000 

Ordovician 

...     17,000 

Cambrian 

...     16,000 

Keweenawan 

...     60,000 

Penokee      

...     14,000 

Horonian 

...     18,000 

Mammals. 
...      BeptUes. 

Amphibia. 
...      Fish. 


Invertebrata. 


Geologists,  impressed  with  the  tardy  pace  at  which  sediments 
appear  to  be  accumulating  at  the  present  day,  could  not  contemplate 
this  colossal  pile  of  strata  without  feeling  that  it  spoke  of  an  almost 
inconceivably  long  lapse  of  time.  They  were  led  to  compare  its 
duration  with  the  distances  whioh  intervene  between  the  heavenly 
bodies ;  but  while  some  chose  the  distance  of  the  nearest  fixed  stiur 
■as  their  unit,  others  were  oontent  to  measure  the  years  in  terms  of 
miles  from  the  sun. 

Evolution  of  OrganUme. 

The  stratified  rocks  were  eloquent  of  time,  and  not  to  the  geologist 
alone,  they  appealed  with  equal  force  to  the  biologist  Accepting 
Darwin's  explanation  of  the  origin  of  species,  the  present  rate  at 
which  form  flows  to  form  seemed  so  slow  as  almost  to  amount  to 
immutability.  How  vast,  then,  must  have  been  the  period  during 
whioh  by  slow  degrees  and  innumerable  stages  the  protozoon  was 
transformed  into  the  man  1  And  if  we  turn  to  the  stratified  column 
what  do  we  find  ?  Man,  it  is  true,  at  the  summit,  the  oldest  fossili- 
ferous  rocks  34  miles  lower  down,  and  the  fossils  they  oontain 
-already  representing  most  of  the  great  classes  of  the  Invertebrata, 
including  Orustacea  and  Worms.  Thus  the  evolution  of  the  Yerte-^ 
l>rata  alone  is  known  to  have  occupied  a  period  represented  by> 
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a  tiiiokness  of  34  miles  of  sediment  How  mnch  greater,  then^ 
mast  have  been  the  interval  required  for  the  elaboration  of  the 
whole  organic  world  I     .     .     .     . 

Oeologie  Periods  of  Time. 

Before  proceeding  to  the  discussion  of  estimates  of  time  drawa 
from  a  study  of  stratified  rocks,  let  us  first  consider  those  which 
have  been  already  suggested  by  other  data.  These  are  as  follows : — 
(1)  Time  which  has  elapsed  since  the  separation  of  the  earth  and 
moon,  fifty-six  millions  of  years,  minimum  estimate  by  Professor 
G.  H.  Darwin.  (2)  Since  the  '' consistentior  status,"  twenty  to- 
forty  millions  (Lord  Kelvin).  (3)  Since  the  condensation  of  the 
oceans,  eighty  to  ninety  millions,  maximum  estimate  by  Professor 
J.  Joly. 

It  may  be  at  once  observed  that  these  estimates,  although 
independent,  are  all  of  the  same  order  of  magnitude,  and  so  far 
confirmatoiy  of  each  other.  Nor  are  they  opposed  to  conclusions 
drawn  from  a  study  of  stratified  rocks ;  thus  Sir  Archibald  Qeikie, 
in  his  Address  to  this  Section  last  year,  affirmed  that,  so  far  as  these 
were  concerned,  100  millions  of  years  might  suffice  for  their 
formation.  There  is,  then,  very  little  to  quarrel  about,  and  our 
task  is  reduced  to  an  attempt,  by  a  little  stretching  and  a  little 
paring,  to  bring  these  various  estimates  into  closer  harmony,    .    .    » 

A  review  of  the  facts  befora.4is  seems  to  render  some  reduction  in 
Dr.  Joly's  estimate  imperative.  A  precise  assessment  is  impossible^ 
but  I  should  be  inclined  myself  to  take  off  some  ten  or  thirty 
millions  of  years. 

We  may  next  take  the  evidence  of  the  stratified  rocks.  Their 
total  maximum  thickness  is,  as  we  have  seen,  265,000  feet,  and 
consequently,  if  they  accumulated  at  the  rate  of  one  foot  in 
a.  century,  as  evidence  seems  to  suggest,  more  than  twenty-six 
millions  of  years  must  have  elapsed  during  their  formation. 

Obscure  Chapter  in  the  Earth's  ffistory. 
Before  discussing  the  validity  of  the  argument  on  which  this  last 
result  depends,  let  us  consider  how  far  it  harmonizes  with  previous 
ones.  It  is  consistent  with  Lord  Kelvin's  and  Professor  Darwin's^ 
but  how  does  it  accord  with  Professor  Joly*s?  Supposing  we  reduce 
his  estimate  to  fifty-five  millions  :  what  was  the  earth  doing  during 
the  interval  between  the  period  of  fifty-five  millions  of  years  ago 
and  that  of  only  26^  millions  ago,  when,  it  is  presumed,  sedimentary 
rocks  commenced  to  be  formed?  Hitherto  we  have  been  able  to- 
reason  on  probabilities;  now  we  enter  the  dreary  region  of 
possibilities,  and  open  that  obscure  chapter  in  the  history  of  th» 
earth  previously  hinted  at.  For  there  are  many  possible  answers  Uy 
this  question.  In  the  first  place,  the  evidence  of  the  stratified  rocka 
may  have  been  wrongly  interpreted,  and  two  or  three  times  the 
amount  of  time  we  have  demanded  may  have  been  consumed  in 
their  formation.  This  is  a  very  obvious  possibility,  yet  again  cor 
estimate  concerning  these  rocks  may  be  correct,  but  we  may  have 
eirxoneoiisly  omitt^  to  take  into  account  certain  portions  of  tha 
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Arobadan  complex,  which  may  represent  primitiye  sedimentary 
rooks,  formed  under  exceptional  conditions,  and  subsequently 
transiformed  under  the  influence  of  the  internal  heat  of  the  earth. 
This,  I  think,  would  be  Professor  Bonney's  view,  Finally,  Lord 
KelTin  has  argued  that  the  life  of  the  sun  as  a  luminous  star  is  even 
more  briefly  limited  than  that  of  our  oceans.  In  such  a  case,  if  our 
oceans  were  formed  fifty-five  millions  of  years  ago,  it  is  possible 
that  after  a  short  existence  as  almost  boiling  water  they  grew 
colder  and  colder,  till  they  became  covered  with  thick  ice,  and 
moved  only  in  obedience  to  the  tides.  The  earth,  frozen  and  dark, 
except  for  the  red  glow  of  her  volcanoes,  waited  the  coming  of  the 
sun,  and  it  was  not  till  his  growing  splendour  had  banished  the  long 
night  that  the  cheerful  sound  of  running  waters  was  heard  again  in 
our  midst.  Then  the  work  of  denudation  and  deposition  seriously 
recommenced,  not  to  cease  till  the  life  of  the  sun  is  spent.  Thus 
the  thickness  of  the  stratified  series  may  be  a  measure  rather  of  the 
duration  of  sunlight  than  of  the  period  which  has  elapsed  since  the 
first  formation  of  the  ocean.  It  may  have  been  so^we  cannot  tell 
— but  it  may  be  fairly  urged  that  we  know  less  of  the  origin, 
history,  and  constitution  of  the  sun  than  of  the  earth  itself,  and  that, 
for  aught  we  can  say  to  the  contrary,  the  sun  may  have  been  shining 
on  the  just-formed  ocean  as  cheerfully  as  he  shines  to-day. 

Time  required  for  the  Evolution  of  the  Living  World, 
But,  it  will  be  asked,  how  far  does  a  period  of  twenty-six  millions 
satisfy  the  demands  of  biology  ?  Speaking  only  for  myself,  although 
I  am  aware  that  eminent  biologists  are  not  wanting  who  share  this 
opinion,  I  answer,  ''amply.*'  But  it  will  be  exclaimed,  ''surely 
there  are  '  comparisons  in  things.' "  Look  at  Egypt,  where  more 
than  4,000  years  since  the  same  species  of  man  and  animals  lived 
and  flourished  as  to-day.  Examine  the  frescoes  and  study  the  living 
procession  of  familiar  forms  they  so  faithfully  portray,  and  then  tell 
ns,  how  comes  it  about  that  from  changes  so  slow  as  to  be 
inappreciable  in  the  lapse  of  forty  centuries  you  propose  to  build 
up  the  whole  organic  world  in  the  course  of  a  mere  twenty -six 
miUions  of  years?  To  all  which  we  might  reply  that  even 
changeless  Egypt  presents  us  with  at  least  one  change  —  the 
features  of  the  ruling  race  are  to-day  not  quite  the  same  as  those 
of  the  Pharaohs.  But,  putting  this  on  one  side,  the  admitted 
constancy  in  some  few  common  forms  proves  very  little,  for,  so  long 
as  the  environment  remains  the  same  natural  selection  will  conserve 
the  type,  and,  so  far  as  we  are  able  to  judge,  conditions  in  Egypt 
have  remained  remarkably  constant  for  a  long  period. 

Ohange  the  conditions,  and  the  resulting  modification  of  the 
Species  becomes  manifest  enough ;  and  in  this  connection  it  is  only 
necessary  to  recall  the  remarkable  mutations  observed  and  recorded 
by  Professor  Weldon  in  the  case  of  the  crabs  in  Plymouth  Harbour. 
In  response  to  increasing  turbidity  of  the  sea- water  these  crabs  have 
imdergone  or  are  undergoing  a  change  in  the  relative  dimensions  of 
the  oarapaoe,  which  is  persistent,  in  one  direction,  and  rapid  enough 
to  be  determined  by  measurements  made  at  intervals  of  a  few  years. 
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Again,  animah  do  not  all  obange  their  characters  at  the  same 
rate :  some  are  stable,  in  spite  of  changing  conditions,  and  these 
haye  been  cited  to  prove  that  none  of  the  periods  we  look  upon  as 
probable,  not  twenty-five,  not  a  hundred  millions  of  years,  scarce 
any  period  short  of  eternity,  is  sufficient  to  account  for  the  eyolntion 
of  the  living  world.  If  the  little  tongue-shell,  Idngula,  has  endured 
with  next  to  no  perceptible  change  from  the  Oambrian  down  to  the 
present  day,  how  long,  it  is  sometimes  inquired,  would  it  require  for 
the  evolution  of  the  rest  of  the  animal  kingdom?  The  reply  is 
simple :  the  cases  are  dissimilar,  and  the  same  record  which  assures 
us  of  the  persistency  of  the  lAngvla  tells  us  in  language  equally 
emphatic  of  the  course  of  evolution  which  has  led  from  the  lower 
organisms  upwards  to  man.  In  recent  and  Pleistocene  deposits  the 
relics  of  man  are  plentiful :  in  the  latest  Pliocene  they  have  dis- 
appeared, and  we  encounter  the  remarkable  form  Pitheeanthrapus ; 
as  we  descend  into  the  Tertiary  systems  the  higher  mammals  are 
met  with,  always  sinking  lower  and  lower  in  the  scale  of  organiza- 
tion as  they  occur  deeper  in  the  series,  till  in  the  Mesozoic  deposits 
they  have  entirely  disappeared,  and  their  place  is  taken  by  the 
lower  mammals,  a  feeble  folk,  offering  little  promise  of  the  future 
they  were  to  inherit  Still  lower,  and  even  these  are  gone ;  and  in 
the  Permian  we  encounter  reptiles  and  the  ancestors  of  reptiles, 
probably  ancestors  of  mammals  too ;  then  into  the  Oarboniferous, 
where  we  find  amphibians,  but  no  true  reptiles ;  and  next  into  the 
Devonian,  where  fish  predominate,  after  making  their  earliest 
appearance  at  the  close  of  the  Silurian  times ;  thence  downwards, 
and  the  vertebrata  are  no  more  found — we  trace  the  evolution  of  the 
invertebrata  alone.  Thus  the  orderly  procession  of  organic  forms 
follows  in  precisely  the  true  phylogenetic  sequence:  invertebrata 
first,  then  vertebrates,  at  first  fish,  then  amphibia,  next  reptiles, 
soon  after  mammals,  of  the  lowlier  kinds  first,  of  the  higher  later, 
and  these  in  increasing  complexity  of  structure  till  we  finally  arrive 
at  man  himself.  While  the  living  world  was  thus  unfolding  into 
new  and  nobler  forms,  the  immutable  LingvXa  simply  perpetuated  its 
kind.  To  select  it,  or  other  species  equally  sluggish,  as  the  sole 
measure  of  the  rate  of  biologic  change,  would  seem  as  strange 
a  proceeding  as  to  confound  the  swiftness  of  a  river  with  ^e 
stagnation  of  the  pools  that  lie  beside  its  banks.  It  is  occasionally 
objected  that  the  story  we  have  drawn  from  the  paliBontological 
record  is  mere  myth  or  is  founded  only  on  negative  evidence. 
Oavils  of  this  kind  prove  a  double  misapprehension,  partly  as  to 
the  facts,  partly  as  to  the  value  of  negative  evidence,  which  may  be 
as  good  in  its  way  as  any  other  kind  of  evidence. 

Geologists  are  not  unaware  of  the  pitfalls  which  beset  negative 
evidence,  and  they  do  not  conclude  from  the  absence  of  fossils  in  the 
cocks  which  underlie  the  Oambrian  that  pre-Cambrian  periods  were 
devoid  of  life ;  on  the  contrary,  they  are  fully  persuaded  that  the 
seas  of  those  times  were  teeming  with  a  rich  variety  of  invertebrate 
forms.  How  is  it  that,  with  the  exception  of  some  few  species 
found  in  beds  immediately  underlying  the  Oambrian,  these  have. 
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left  behind  no  vestige  of  their  existence?  The  explanation  does 
not  lie  in  the  nature  of  the  sediments,  which  are  not  unfitted  for  the 
preseryation  of  fossils,  nor  in  the  composition  of  the  then  existing 
sea-water,  which  may  have  contained  quite  as  much  calcium 
carbonate  as  occurs  in  our  present  oceans ;  and  the  only  plausible 
supposition  would  appear  to  be  that  the  organisms  of  that  time  had 
not  passed  beyond  the  stage  now  represented  by  the  larvso  of 
existing  inyertebrata,  and  consequently  were  either  unprovided 
with  skeletons  or  at  all  events  with  skeletons  durable  enough  for 
preservation.  If  so,  the  history  of  the  earlier  stages  of  the  evolution 
of  the  invertebrata  will  receive  no  light  from  paladontology  ;  and  no 
direct  answer  can  be  expected  to  the  question  whether,  eighteen  or 
nineteen  millions  of  years  being  taken  as  sufficient  for  the  evolution 
of  the  vertebrata,  the  remaining  available  eight  millions  would 
provide  for  that  of  the  invertebrate  classes  which  are  represented 
in  the  lowest  Cambrian  deposits.  On  d  priori  grounds  there  would 
appear  to  be  no  reason  why  it  should  not.  If  two  millions  of  years 
afforded  time  enough  for  the  conversion  of  fish  into  amphibians, 
a  similar  period  should  suffice  for  the  evolution  of  trilobites  from 
annelids,  or  of  annelids  from  trochospheres.  The  step  from 
gastrulas  to  trochospheres  might  be  accomplished  in  another  two 
millions,  and  two  millions  more  would  take  us  from  gastrulas 
through  morulas  to  protozoa. 

As  things  stand,  biologists  can  have  nothing  to  say  either  for  or 
against  such  a  conclusion :  they  are  not  at  present  in  a  position  to 
offer  independent  evidence ;  nor  can  they  hope  to  be  so  until  they 
have  vastly  extended  those  promising  investigations  which  they  are 
only  now  beginning  to  make  into  the  rate  of  the  variation  of  species. 

Unexpected  Absence  of  Thermal  Metamorphosis  in  Ancient  Bocks, 

Two  difficulties  now  remain  for  discussion  :  one  based  on  theories 
of  mountain  chains,  the  other  on  the  unaltered  state  of  some  ancient 
sediments.  The  latter  may  be  taken  first.  Professor  van  Hise 
writes  as  follows  regarding  the  pre-Oambrian  rocks  of  the  Lake 
Superior  district:  '* The  Peuokee  series  furnishes  an  instructive 
lesson  as  to  the  depth  to  which  rocks  may  be  buried  and  yet 
remain  but  slightly  affected  by  metamorphosis.  The  series  itself 
is  14,000  feet  thick.  It  was  covered  before  being  upturned  with 
a  great  thickness  of  Keweenaw  rock.  This  series  at  the  Montreal 
Biver  is  estimated  to  be  50,000  feet  thick.  Adding  to  this  the 
known  thickness  of  the  Penokee  series,  we  have  a  thickness  of 
64,000  feet  ....  The  Penokee  rocks  were  then  buried  to 
a  great  depth,  the  exact  amount  depending  upon  their  horizon  and 
upon  the  stage  in  Keweenaw  time,  when  the  tilting  and  erosion^ 
which  brought  them  to  the  surface,  commenced. 

**  That  the  synclinal  trough  of  Lake  Superior  began  to  form  before 
the  end  of  the  Keweenaw  period,  and  consequently  that  the  Penokee 
rocks  were  not  buried  under  the  full  succession,  is  more  than 
probable.  However,  they  must  have  been  buried  to  a  great 
4epth — at  least  several  miles — and  thus  subjected  to  high  pressure 
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and  temperature,  notwithstanding  which  they  are  oomparatively 
inaltered."  * 

I  select  this  example  because  it  is  one  of  the  best  instances  of 
a  difficulty  that  occurs  more  than  once  in  considering  the  history  of 
sedimentary  rocks.  On  the  supposition  that  the  rate  of  increment 
of  temperature  with  descent  is  1°  F.  for  erery  84  feet,  or  1°  0.  for 
every  150  feet,  and  that  it  was  no  greater  during  these  early 
Penokee  times,  then  at  a  depth  of  50,000  feet  the  Penokee  rocks 
^ould  attain  a  temperature  of  nearly  333°  C. ;  and  since  water 
begins  to  exert  powerful  chemical  action  at  180°  C.  they  should,  on 
the  theory  of  a  solid  cooling  globe,  have  suffered  a  metamorphosis 
sufficient  to  obscure  their  resemblance  to  sedimentary  rocks.  Either, 
then,  the  accepted  rate  of  downward  increase  of  temperature  is 
erroneous,  or  the  Penokee  rocks  were  never  depressed,  in  the  plaoa 
where  they  are  exposed  to  observation,  to  a  depth  of  50,000  feet. 
Let  us  consider  each  alternative,  and  in  the  first  place  let  us  apply 
the  rate  of  temperature  increment  determined  by  Professor  Agassis, 
in  this  very  Lake  Superior  district :  it  is  1°  C.  for  every  402  feet, 
and  twenty-five  millions  of  years  ago,  or  about  the  time  when  we 
may  suppose  the  Penokee  rocks  were  being  formed,  it  would  be 
1°  C.  for  every  305'5  feet,  with  a  resulting  temperature  at  a  depth 
of  50,000  feet  of  163°  C.  only.  Thus  the  admission  of  a  very  low 
rate  of  temperature  increment  would  meet  the  difficulty ;  but,  on  the 
other  hand,  it  would  involve  a  period  of  several  hundreds  of  millions 
of  years  for  the  age  of  the  *'  consistentior  status,"  and  thus  greatly 
exceed  Professor  Joly's  maximum  estimate  of  the  age  of  the  oceans. 
We  may  therefore  turn  to  the  seoond  alternative.  As  regards  this^ 
it  is  by  no  means  certain  that  the  exposed  portion  of  the  Penokee 
series  ever  was  depressed  50,000  feet :  the  beds  lie  in  a  synclinal^ 
the  base  of  which  indeed  may  have  sunk  to  this  extent,  and  entered 
a  region  of  metamorphosis ;  but  the  only  part  of  the  system  that 
lies  exposed  to  view  is  the  upturned  margin  of  the  synclinal,  and  as 
to  this  it  would  seem  impossible  to  make  any  positive  assertion  as 
to  the  depth  to  which  it  may  or  may  not  have  been  depressed.  To 
keep  an  open  mind  on  the  question  seems  our  only  course  for 
the  present,  but  difficulties  like  this  offer  a  promising  field  for 
investigation. 

The  Formation  of  Mountain  Ranges. 

It  is  frequently  alleged  that  mountain  chains  cannot  be  explained 
on  the  hypothesis  of  a  solid  earth  cooling  under  the  conditions  and 
for  the  period  we  have  supposed.  This  is  a  question  well  worthy 
of  consideration,  and  we  may  first  endeavour  to  picture  to  ourselves 
the  conditions  under  which  mountain  chains  arise.  The  floor  of  the 
ocean  lies  at  an  average  depth  of  2,000  fathoms  below  the  land,  and 
is  maintained  at  a  constant  temperature,  closely  approaching  0^  0», 
by  the  passage  over  it  of  cold  water  creeping  from  the  polar  regions* 
The  average  temperature  of  the  surface  of  the  land  is  above  zero,  but 
we  can  afford  to  disregard  the  difference  in  temperature  between  it 
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and  the  ooean  floor,  and  may  take  them  both  at  zero.  Consider  next, 
the  increase  of  temperature  with  descent,  which  occurs  beneath  the 
continents :  at  a  depth  of  13,000  feet,  or  at  the  same  depth  as  the 
ocean  floor,  a  temperature  of  87°  C.  will  be  reached  on  the  supposition 
that  the  rate  of  increase  is  1^  C.  for  150  feet,  while  with  the  usually 
accepted  rate  of  1°  C.  for  108  feet  it  would  be  120°  C.  But  at  this 
depth  the  ocean  floor,  which  is  on  the  same  spherical  surface,  is  at 
0°  0.  Thus  surfaces  of  equal  temperature  within  the  earth's  crust 
will  not  be  spherical,  but  will  rise  or  fall  beneath  an  imaginary 
spherical  or  spheroidal  surface  according  as  they  occur  beneath  the 
continents  or  the  oceans.  No  doubt  at  some  depth  within  the  earth 
the  departure  of  isothermal  surfaces  from  a  spheroidal  form  will 
disappear ;  but  considering  the  great  breadth  both  of  continents  and 
oceans  this  depth  must  be  considerable,  possibly  even  forty  or  fifty 
miles.  Thus  the  sub-continental  excess  of  temperature  may  make 
itself  felt  in  regions  where  the  rocks  still  retain  a  high  temperature, 
and  are  probably  not  far  removed  from  the  critical  fusion-point* 
The  effect  will  be  to  render  the  continents  mobile  as  regards  the 
ocean  floor;  or,  vice  versd,  the  ocean  floor  will  be  stable  compared 
with  the  continental  masses.  Next  it  may  be  observed  that  the 
continents  pass  into  the  bed  of  the  ocean  by  a  somewhat  rapid 
flexure,  and  that  it  is  over  this  area  of  flexure  that  the  sedimenta 
denuded  from  the  land  are  deposited.  Under  its  load  of  sediment 
the  sea-floor  sinks  down,  subsiding  slowly,  at  about  the  same  rate 
as  the  thickness  of  sediment  increases;  and,  whether  as  a  con- 
sequence or  a  cause,  or  both,  the  flexure  marking  the  boundary  of 
land  and  sea  becomes  more  pronounced.  A  compensating  movement 
occurs  within  the  earth's  crust,  and  solid  material  may  flow  from 
under  the  subsiding  area  in  the  direction  of  least  resistance,  possibly 
towards  the  land.  At  length,  when  some  thirty  or  forty  thousand 
feet  of  sediment  have  accumulated  in  a  basin-like  form,  or,  according 
to  our  reckoning,  after  the  lapse  of  three  or  four  millions  of  years,, 
the  downward  movement  ceases,  and  the  mass  of  sediment  is  sub- 
jected to  powerful  lateral  compression,  which,  bringing  its  bordera 
into  closer  proximity  by  some  ten  or  thirty  miles,  causes  it  to  rise 
in  great  folds  high  into  the  air  as  a  mountain  chain. 

It  is  this  last  phase  in  the  history  of  mountain-making  which  has 
g^ven  geologists  more  cause  for  painful  thought  than  probably  any 
other  branch  of  their  subject,  not  excluding  even  the  age  of  the 
earth.  It  was  at  first  imagined  that  during  the  flow  of  time  the 
interior  of  the  earth  lost  so  much  heat,  and  suffered  so  much  con- 
traction in  consequence,  that  the  exterior,  in  adapting  itself  to  the 
shrunken  body,  was  compelled  to  fit  it  like  a  wrinkled  garment 
This  theory,  indeed,  enjoyed  a  happy  existence  till  it  fell  into  the- 
hands  of  mathematicians,  when  it  fared  very  badly,  and  now  lies  in 
a  pitiable  condition  neglected  by  its  friends.^ 

For  it  seemed  proved  to  demonstration  that  the  contraction  con- 
sequent on  cooling  was  wholly,  even  ridiculously,  inadequate  to- 

^  With  lome  ezoeptiQiiB,  notablj  Mr.  0.  Da?ison,  a  ooniistent  Bupporter  of  the 
theory  of  contraotioii. 
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-explain  the  wrinkling.  Bat  when  we  summon  up  courage  to 
ihquire  into  the  data  on  which  the  mathematical  arguments  are 
based,  we  find  that  thej  include  several  assumptions  the  truth  of 
which  is  by  no  means  self-evident     •     •     •     • 

We  shall  boldly  assume  that  the  contraction  at  some  unknown 
-depth  in  the  interior  of  the  earth  is  sufficient  to  afford  the  explana- 
tion we  seek.  The  course  of  events  may  then  proceed  as  follows. 
The  contraction  of  the  interior  of  the  earth,  consequent  on  its  loss 
of  heat,  causes  the  crust  to  fall  upon  it  in  folds,  which  rise  over  the 
<K)ntinents  and  sink  under  the  oceans,  and  the  flexure  of  the  area 
^f  sedimentation  is  partly  a  consequence  of  this  folding,  partly  of 
overloading.  By  the  time  a  depression  of  some  30,000  or  40,000  feet 
has  occurred  along  the  ocean  border  the  relation  between  continents 
and  oceans  has  become  unstable,  and  readjustment  takes  place, 
probably  by  a  giving  way  of  the  continents,  and  chiefly  along  the 
zone  of  greatest  weakness,  i.e.  the  area  of  sedimentation,  which  thus 
becomes  the  zone  of  mountain-building.  It  may  be  observed  that  at 
great  depths  readjustment  will  be  produced  by  a  slow  flowing  of 
solid  rock,  and  it  is  only  comparatively  near  the  surface,  five  or  ten 
miles  at  the  most  below,  that  failure  of  support  can  lead  to  sudden 
fracture  and  collapse ;  hence  the  comparatively  superficial  origin  of 
earthquakes. 

Given  a  sufficiently  large  coefficient  of  expansion — and  there  is 
much  to  suggest  its  existence — and  all  the  phenomena  of  mountain 
ranges  become  explicable :  they  begin  to  present  an  appearance  that 
invites  mathematical  treatment ;  they  inspire  us  with  tiie  hope  that 
from  a  knowledge  of  the  height  and  dimensions  of  a  continent  and 
its  relations  to  the  bordering  ocean  we  may  be  able  to  predict  when 
and  where  a  mountain  chain  should  arise,  and  the  theory  which 
explains  them  promises  to  guide  us  to  an  interpretation  of  those 
worldwide  unconformities  which  Suess  can  only  account  for  by 
a  transgression  of  the  sea.  Finally,  it  relieves  us  of  the  difficulty 
presented  by  mountain  formation  in  regard  to  the  estimated  duration 
of  geological  time. 

Influence  of  Variations  in  the  Eccentricity  of  the  Earth* s  Orbit. 

This  may  perhaps  be  the  place  to  notice  a  highly  interesting 
speculation  which  we  owe  to  Professor  Blytt,  who  has  attempted 
to  establish  a  connection  between  periods  of  readjustment  of  the 
earth's  crust  and  variations  in  the  eccentricity  of  the  earth's  orbit. 
Without  entering  into  any  discussion  of  Professor  Blytt's  methods, 
we  may  offer  a  comparison  of  his  results  with  those  that  follow  from 
^ur  rough  estimate  of  one  foot  of  sediment  accumulated  in  a  century. 

Table  thowing  the  time  that  has  elapsed  since  the  Beginning  of  the  Systems  in 
the  Jirst  column,  as  reckoned  from  Thickness  of  Sediment  in  the  second 
column,  and  by  Professor  Blytt  m  the  third i^ 

Tears.  Yean. 

Eocene        4,200,000      3,260,000 

Oligocene 3,000,000      1,810,000 

Miocene      1,800,000      1,160,000 

Pliocene      900,000      700,000 

Pleistocene 400,000      360,000 
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It  is  now  time  to  retam  to  the  task,  too  long  postponed,  of 
discussing  the  data  from  which  we  have  been  led  to  oonolude  that 
a  probable  rate  at  which  sediments  have  accumulated  in  places  where^ 
thej  attain  their  maximum  thickness  is  one  foot  per  century. 

Bate  of  Deposition  of  Sediment 

We  owe  to  Sir  Archibald  Geikie  a  most  instructive  method  of 
estimating  the  existing  rate  at  which  our  continents  and  islands  are 
being  washed  into  the  sea  by  the  action  of  rain  and  rivers  :  by  this 
we  find  that  the  present  land  surface  is  being  reduced  in  height  to 
the  extent  of  an  average  of  rsVir  foot  yearly.^  If  the  material 
removed  from  the  land  were  uniformly  distributed  over  an  area 
equal  to  that  from  which  it  had  been  derived,  it  would  form  a  layer 
of  rock  TsHnr  foot  thick  yearly,  i.e.,  the  rates  of  denudation  and 
deposition  would  be  identical.  But  the  two  areas,  that  of  denudation 
and  that  of  deposition,  are  seldom  or  never  equal,  the  latter  as  a  rule 
being  much  the  smaller.  Thus  the  area  of  that  part  of  North 
America  which  drains  into  the  Gulf  of  Mexico  measures  1,800,00(> 
square  miles ;  the  area  over  which  its  sediments  are  deposited  is,  so 
far  as  I  can  gather  from  Professor  Agassiz'  statements,  less  than 
180,000  square  miles,  while  Mr.  McGee  estimates  it  at  only  100,000 
square  miles.  Using  the  larger  number,  the  area  of  deposition  is 
found  to  measure  one-tenth  the  area  of  denudation;  the  average 
rate  of  deposition  will  therefore  be  ten  times  as  great  as  the  rate 
of  denudation,  or  yio-  foot  may  be  supposed  to  be  uniformly  dis- 
tributed over  the  area  of  sedimentation  in  the  course  of  a  year.  But 
the  thickness  by  which  we  have  measured  the  strata  of  our  geological 
systems  is  not  an  average  but  a  maximum  thickness;  we  have 
therefore  to  obtain  an  estimate  of  the  maximum  rate  of  deposition* 
If  we  assume  the  deposited  sediments  to  be  arranged  somewhat  after 
the  fashion  of  a  wedge  with  the  thin  end  seawards,  then  twice  the 
average  would  give  us  the  maximum  rate  of  deposition :  this  would 
be  one  foot  in  120  years.  But  the  sheets  of  deposited  sediment  are 
not  merely  thicker  towards  the  land,  thinner  towards  the  sea,  they 
also  increase  in  thickness  towards  the  rivers  in  which  they  have 
their  source,  so  that  a  very  obtuse-angled  cone,  or,  better,  the  down- 
turned  bowl  of  a  spoon,  would  more  nearly  represent  their  form. 
This  form  tends  to  disappear  under  the  action  of  waves  and  currents, 
but  a  limit  is  set  to  this  disturbing  influence  by  the  subsidence 
which  marks  the  region  opposite  the  mouth  of  a  large  river.  By 
this  the  strata  are  gradually  let  downwards,  so  that  they  come  to 
assume  the  form  of  the  bowl  of  a  spoon  turned  upwards.  Thua 
a  further  correction  is  necessary  if  we  are  to  arrive  at  a  fair  estimate 
of  the  maximum  rate  of  deposition.  Considering  the  very  rapid  rate 
at  which  our  ancient  systems  diminish  in  thickness  when  traced  in 
all  directions  from  the  localities  where  they  attain  their  maximum, 
it  would  appear  that  this  correction  must  be  a  large  one.  If  we 
reduce  our  already  corrected   estimate  by  one-fifth,  we  arrive  at 

a  rate  of  one  foot  of  sediment  deposited  in  a  century 

>  According  to  Professor  Penck  ^r^ff  foot- 
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It  may  be  objected  tbat  in  framing  oar  estimate  we  have  taken 
into  account  mechanical  sediments  only,  and  ignored  others  of  equal 
importance,  such  as  limestone  and  coal.  With  regard  to  limestone, 
its  thickness  in  regions  where  systems  attain  their  maximum  may 
be  taken  as  negligible ;  nor  is  the  formation  of  limestone  necessarily 
4ik  slow  process.  The  successful  experiments  of  Dr.  Allan,  cited  by 
Darwin,  prove  that  reef-building  corals  may  grow  at  the  astonishing 
Tate  of  six  feet  in  height  per  annum. 

In  respect  of  coal  there  is  much  to  suggest  that  its  growth  was 
rapid.  The  Carboniferous  period  well  deserves  its  name,  for  never 
before,  never  since,  have  carbonaceous  deposits  accumulated  to  such 
a  remarkable  thickness  or  over  such  wide  areas  of  the  earth's 
surface.  The  explanation  is  doubtless  partly  to  be  found  in  favour- 
able climatal  conditions,  but  also,  I  think,  in  the  youthful  energy 
of  a  new  and  overmastering  type  of  vegetation,  which  then  for  tibe 
first  time  acquired  the  dominion  of  the  land.  If  we  turn  to  our 
modern  peat-bogs,  the  only  oarbonaoeous  growths  available  for 
comparison,  we  find  from  data  given  by  Sir  A.  Qeikie  that  a  fairly 
average  rate  of  increase  is  6  feet  in  a  century,  which  might  perhaps 
-correspond  to  one  foot  of  coal  in  the  same  period. 

The  rate  of  deposition  has  been  taken  as  uniform  through  the 
^whole  period  of  time  recorded  by  stratified  rocks ;  but  lest  it  should 
be  supposed  that  this  involves  a  tacit  admission  of  uniformity, 
I  hasten  to  explain  that  in  this  matter  we  have  no  choice;  we 
may  feel  convinced  that  the  rate  has  varied  from  time  to  time,  but 
in  what  direction,  or  to  what  extent,  it  is  impossible  to  conjecture. 
That  the  sun  was  once  much  hotter  is  probable,  but  equally  so  that 
at  an  earlier  period  it  was  much  colder ;  and  even  if  in  its  youth  all 
the  activities  of  our  planet  were  enhanced  this  fact  might  not  affect 
the  maximum  thickness  of  deposits.  An  increase  in  the  radiation  of 
the  sun,  while  it  would  stimulate  all  the  powers  of  subaerial 
denudation,  would  also  produce  stronger  winds  and  marine  currents ; 
stronger  currents  would  also  result  from  the  greater  magnitude  and 
frequency  of  the  tides,  and  thus  while  larger  quantities  of  sediment 
might  be  delivered  into  the  sea  they  would  be  distributed  over  wider 
areas,  and  the  difference  between  the  maximum  and  average  thick- 
ness of  deposits  would  consequently  be  diminished.  Indications  of 
such  a  wider  distribution  may  perhaps  be  recognized  in  the  Palsdozoio 
systems.     Thus  we  are  compelled  to  treat  our  rate  of  deposition  as 

uniform,  notwithstanding  the  serious  error  this  may  involve 

If  one  foot  in  a  century  be  a  quantity  so  small  as  to  disappoint 
the  imagination  of  its  accustomed  exercise,  let  us  turn  to  the 
Cambrian  succession  of  Scandinavia,  where  all  the  zones  recognized 
in  the  British  series  are  represented  by  a  column  of  sediment  290 
feet  in  thickness.  If  1,600,000  years  be  a  correct  estimate  of  the 
duration  of  Cambrian  time,  then  each  foot  of  the  Scandinavian 
strata  must  have  occupied  5,513  years  in  its  formation.  Are  these 
figures  sufficiently  inconceivable  ? 

In  the  succeeding  system,  that  of  the  Ordovician,  the  maximum 
thickness  is  17,000  feet.     Its  deposits  are  distributed  over  a  wider 
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:«Tea  than  the  Oambrian,  but  they  also  oooupied  longer  time  in  tbeit 
formation ;  henoe  the  area  from  whiob  they  were  derived  need  not 
neoessarily  have  been  larger  than  that  of  the  preceding  period.  • 

Great  ohanges  in  the  geography  of  oar  area  ushered  in  the  Silurian 
iiystem :  its  maximum  thickness  is  found  over  the  Lake  distriot,  and 
amounts  to  15,000  feet ;  but  in  the  little  island  of  Gothland,  where 
all  the  subdivisions  of  the  system,  from  the  Llandovery  to  the  Upper 
Ludlow,  occur  in  complete  sequence,  the  thickness  is  only  208  feet. 
In  G<»thland,  therefore,  according  to  our  computation,  tiie  rate  of 
accumulation  was  one  foot  in  7,211  years. 

With  this  example  we  must  conclude,  merely  adding  that  the  same 
story  is  told  by  other  systems  and  other  countries,  and  that,  so  far  as 
my  investigations  have  extended,  I  can  find  no  evidence  which  would 
suggest  an  extension  of  the  estimate  I  have  proposed.  It  is  but  an 
estimate,  and  those  who  have  made  acquaintance  with  'estimates' 
in  the  practical  affairs  of  life  will  know  how  far  this  kind  of 
-computation  may  guide  us  to  or  from  the  truth. 

III. — ^The  Bbabinos  of  Fossil  Iohthyolooy  on  the  Pbobleh  ov 
Evolution;  bbinq  the  Addbess  to  the  Zoological  Section. 
By  Bamsay  H.  Tbaquaib,  M.D.,  LL.D.,  F.B.S.,  President  of  the^ 
Section.    (Slightly  abridged.) 

I  HAVE  been  told  that  an  idea  is  prevalent  in  the  minds  of  recent 
biologists  that  the  results  of  Paleontology  are  so  nncertain,  so 
doubtful,  and  so  imperfect,  that  they  are  scarcely  worthy  of  serious 
attention  being  paid  to  them.  The  best  answer  I  can  make  to  such 
an  opinion,  if  it  really  does  exist,  is  to  try  to  place  before  you  some 
evidence  that  Palasontology  is  not  mere  fossil  shell  hunting,  or  the 
making  up  of  long  lists  of  names  to  help  the  geologists  to  settle 
their  stratigraphical  horizons,  but  may  present  us  with  abundance 
of  matter  of  genuine  biological  interest. 

Since  the  days  of  Darwin,  there  is  one  subject  which  more  than 
all  others  engrosses  the  attention  of  scientific  biologists.  I  mean 
the  question  of  Evolution,  or  the  Doctrine  of  Descent  From  the 
nature  of  things  it  is  clear  that  the  voice  of  the  palsaontologist  can 
only  be  heard  on  the  morphological  aspect  of  the  question,  but  to 
many  of  us,  including  myself,  the  morphological  argument  is  so 
convincing  that  we  believe  that  even  if  the  Darwinian  theory  were 
proved  to-morrow  to  be  utterly  baseless,  the  Doctrine  of  Descent 
would  not  be  in  the  slightest  degree  affected,  but  would  continue  to 
have  as  firm  a  hold  on  our  minds  as  before. 

Now  as  Palaeontology  takes  us  back,  far  back,  into  the  life  of  the 
past,  it  might  be  reasonably  expected  that  it  would  throw  great 
light  on  the  descent  of  animals,  but  the  amount  of  its  evidence  is 
necessarily  much  diminished  by  two  unfortunate  circumstances. 
First,  the  terrible  imperfection  of  the  geological  record,  a  fact  so 
obvious  to  anyone  having  any  acquaintance  with  geology  that  it 
need  not  be  discussed  here ;  and  secondly,  the  circumstance  that  save 
in  very  exceptional  oases  only  the  hard  parts  of  animals  are  pre- 
served, and  those  too  often  in  an  extremely  fragmentary  and  disjointed 
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oondition.  But  though  we  oannot  expeot  that  the  paladontologioal 
reoord  will  ever  be  anything  more  than  fragmentary,  yet  the  constant 
oocurrenoe  of  new  and  important  discoveries  leads  us  to  entertain 
the  hope  that,  in  course  of  time,  more  and  more  of  its  pages  will 
become  disclosed  to  us. 

Incomplete,  however,  as  our  knowledge  of  Evolution  as  derived 
from  Palsaontology  must  be,  that  is  no  reason  why  we  should  not 
appraise  it  at  its  proper  value,  and  now  and  again  stop  for  a  moment 
to  take  stock  of  the  material  which  has  accumulated. 

You  are  all  already  acquainted  with  the  telling  evidence  in  favour 
of  Evolution  furnished  by  the  well-known  series  of  Mammalian 
limbs,  as  well  as  of  teeth,  in  which  the  progress,  in  the  course  of 
time,  from  the  more  general  to  the  more  special  is  so  obvious  that 
I  cannot  conceive  of  any  unprejudiced  person  shutting  his  eyes  to 
the  inference  that  Descent  with  modification  is  the  reason  of  these 
things  being  so.  Suppose,  then,  that  on  this  occasion  we  take  up 
the  palteontological  evidence  of  Descent  in  the  case  of  fishes.  Thia 
I  do  the  more  readily  because  what  original  work  I  have  been  able 
to  do  has  lain  principally  in  the  direction  of  fossil  ichthyology ;  and 
again,  because  it  does  seem  to  me  that  it  is  in  this  department  that 
one  has  most  reason  to  complain  of  want  of  interest  on  the  part  of 
recent  biologists,  even,  I  may  say,  of  some  professed  palsdontologists 
themselves.  I  shall  in  the  main  limit  myself  to  the  consideration  of 
Palteozoic  forms. 

Here  I  may  begin  by  boldly  affirming  that  I  include  the  Marsipo* 
branchii  as  fishes,  in  spite  of  the  dictum  of  Cope  that  no  animal  can 
be  a  fish  which  does  not  possess  a  lower  jaw  and  a  shoulder-girdle. 
Why  not  ?  The  position  seems  to  me  to  be  a  merely  arbitrary  one ; 
and  it  is,  to  say  the  least,  not  impossible  that  the  modern  Lampreys^ 
and  Hags  may  be,  as  many  believe,  the  degenerate  descendants  of 
originally  gnathostomatous  forms. 

To  the  origin  of  the  Vertebrata  Palaeontology  gives  us  no  clue,  as 
the  forerunners  of  the  fishes  must  have  been  creatures  which,  like 
the  lowest  Chordata  of  the  present  day  (Tunicata,  Balanoglossus, 
Amphioxu$),  had  no  hard  parts  capable  of  preservation.  And  though 
I  shall  presently  refer  again  to  the  subject,  I  may  here  affirm  that, 
so  far  as  I  can  read  the  record  at  least,  it  is  impossible  to  derive  from 
Palsdontology  any  support  to  the  view,  recently  revived,  that  the 
ancient  fishes  are  in  any  way  related  to  Crustacean  or  merostomatous 
ancestors. 

What  have  we,  then,  to  say  concerning  the  most  ancient  fishes 
with  which  we  are  acquainted  ? 

The  idea  that  the  minute  bodies  known  as  Conodonts,  which  occur 
from  the  Cambrian  to  the  Carboniferous,  are  the  teeth  of  fishes  and 
possibly  even  of  ancient  Marsipobranchs  may  now  be  said  to  be 
given  up.  They  are  now  accepted  by  the  most  reliable  authorities^ 
as  appertaining  to  Invertebrata  such  as  Annelides  and  Qephyrea. 

More  recently,  however,  Bohon^  has  described  from  the  Lower 

^  "  Ueber  tmtersilarische  Fische "  :  Melanges  O^ol.  et  Pal6ont.,  rol.  i 
(St.  Petersburg,  1899),  pp.  9-14. 
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Silarian  of  the  neighbourhood  of  St  Petersbuig  small  teeth  {Falaodus 
and  Archodm)  associated  with  Oonodonts,  and  which  seem  to  be 
real  fish  teeth,  but  not  of  Selachians,  as  is  shown  by  the  presenoe  of 
a  pulp  cavity  surrounded  by  non- vascular  dentine.  It  is  impossible 
to  say  anything  more  of  their  affinities. 

Obscure  and  fragmentary  fish  remains  have  been  obtained  by 
Walcott,  and  described  by  Jaekel,  from  rocks  in  Colorado  supposed 
to  be  of  Lower  Silurian  or  Ordovician  age.^  But  doubts  have  been 
thrown  on  their  age,  and  the  fossils  themselves,  which  have,  it  must 
be  owned,  a  very  Devonian  look  about  them,  are  so  extremely 
fragmentary  that  Uiey  do  not  help  us  much  in  our  present  purpose. 

It  is  not  till  we  come  to  the  Upper  Silurian  rocks  that  we  begin 
to  feel  the  ground  securely  under  our  feet,  though  we  may  be  certain, 
from  the  degree  of  specialization  of  the  forms  which  we  there  find, 
that  fishes  lived  in  the  waters  of  the  globe  for  long  ciges  previously. 

Characteristic  of  the  *  Ludlow  bone-bed '  are  certain  minute  scales 
on  which  Pander  founded  the  family  Ccelolepidsd,  having  a  flat  or 
sculptured  crown,  below  which  is  a  constricted  'neck,'  and  then 
a  base  usually  perforated  by  an  aperture  leading  into  a  central  pulp 
cavity. 

The  genera  Tkelodus,  Oodolepis,  and  others  were  founded  on  these 
dermal  bodies,  and  complete  specimens  of  Thelodus  have  now  been 
found  in  the  Upper  Silurian  rocks  of  the  South  of  Scotland,  from 
which  it  is  evident  that  the  fish,  though  somewhat  shark-like,  can 
hardly  be  reckoned  as  a  true  Selachian.'  Thelodus  Scoticus,  Traq., 
has  a  broad  flattened  anterior  part  corresponding  to  the  head  and 
forepart  of  the  body,  very  bluntly  rounded  in  front,  and  passing 
behind  into  right  and  left  angular  flap-like  projections,  which  are 
sharply  marked  off  from  the  narrow  tail,  which  is  furnished  with 
a  deeply  cleft  heterocercal  caudal  fin.  Under  the  flap-like  lateral 
projections  are  representatives  of  pectorals ;  no  other  fins  are  present, 
neither  do  we  find  any  teeth  or  jaws,  nor  any  trace  of  internal 
skeleton ;  and  it  is  only  a  few  days  since  Mr.  Tait,  collector  to  the 
Geological  Survey  of  Scotland,  pointed  out  to  me  in  a  recently 
acquired  specimen  a  right  and  left  dark  spot  at  the  outer  margins  of 
the  head  near  the  front,  which  spots  may  indicate  the  position  of  the 
eyes.  A  previously  unknown  genus,  LanarJciat  Traq.,  also  occurs  in 
which  the  creature  has  the  very  same  form,  but  instead  of  having 
the  skin  clothed  with  small  shagreen-like  scales,  possesses  in  their 
place  minute,  sharp,  conical,  hollow  spines,  without  base  and  open 
below.  What  we  are  to  think  of  those  two  ancient  forms,  apparently 
so  primitive  and  yet  undoubtedly  also  to  a  great  extent  specialized, 
we  shall  presently  discuss. 

Let  us  now  for  a  moment  look  at  the  genus  Drepanaspis,  Schluter, 
from  the  Lower  Devonian  of  Gmiinden  in  Western  Germany.      We 

*  Bulletin  (reol.  Soc.  America,  yoI.  iii  (1892),  pp.  163-171. 

2  R.  H.  Traquair,  **  Report  on  Fossil  Fishes  collected  by  the  Geological  Survey 
in  the  Silurian  Rocks  of  the  South  of  Scotland"  :  Trans.  Roy.  iSoc.  £din., 
Tol.  xxxix  (1899),  pp.  827-864. 

'  R.  H.  Traquair :  Qbol.  Mao.,  April,  1900. 
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have  here  a  strange  creature  whose  shape  entirely  reminds  us  of 
that  of  Thelodus,  having  the  same  flat  hroad  anterior  part,  bluntly 
rounded  in  front  and  angulated  behind,  to  whioh  is  appended 
a  narrow  tail  ending  in  a  heterooercal  oaudal  fin,  whioh  is,  however, 
scarcely  bilobate.  But  here  the  dermal  covering,  instead  of  con- 
sisting of  separate  scales  or  spinelets,  shows  a  dose  carapace  of 
hard  bony  plates,  of  which  two  are  especially  large  and  prominent 
— the  median  dorsal  and  the  median  ventral — other  large  ones  being 
placed  around  the  margins,  while  the  intervening  space  is  occupied 
by  a  mosaic  of  small  polygonal  pieces.  The  position  of  the  mouth, 
a  transverse  slit,  is  seen  just  at  the  anterior  margin ;  it  is  bounded 
behind  by  a  median  mentum  or  cbin-plate,  but  no  jaws  properly  so 
called  are  visible,  nor  are  there  any  teeth.  Then  on  each  margin 
near  the  front  of  the  head  is  a  small  round  pit,  exactly  in  the 
position  of  the  dark  spot  seen  in  some  examples  of  Thelodus,  which, 
if  not  an  orbit,  must  indicate  the  position  of  some  organ  of  sense. 
Again,  the  tail  is  covered  with  scales  after  the  manner  of  a  '  ganoid  * 
fish,  being  rhombic  on  the  sides,  but  assuming  the  form  of  long 
deeply  imbricating  fulcra  on  the  dorsal  and  ventral  margins.  The 
position  of  the  branchial  opening,  or  openings,  has  not  yet  been 
definitely  ascertained. 

All  these  plates  are  closely  covered  with  stellate  tubercles,  and 
we  cannot  escape  from  the  conclusion  that  they  are  formed  by  the 
fusion  of  small  shagreen  bodies  like  those  of  Thelodus^  and  united  to 
bony  matter  developed  in  a  deeper  layer  of  the  skin. 

If  the  angular  lateral  flaps  of  Thdodtis  represent  pectoral  fins, 
then  we  would  have  the  exceedingly  strange  phenomenon  of  such, 
structures  becoming  functionally  useless  by  enclosure  in  hard  un- 
yielding plates,  though  still  influencing  the  general  outline  of  the 
fish.  Be  that  as  it  may,  can  we  doubt  that  in  Drepanaspis  we  have 
a  form  derived  by  specialization  from  a  Coelolepid  ancestor  ? 

This  Drepanaspis  throws  likewise  a  much  desired  light  on  the 
fragmentary  Devonian  remains  known  since  Agassiz's  time  as  Fsam- 
mosteus.  These  consist  of  large  plates  and  fragments  of  plates, 
composed  of  vaso-dentine,  and  sculptured  externally  by  minute 
closely-set  stellate  tubercles,  exactly  resembling  the  scales  of  some 
species  of  Thelodus,  These  tubercles  are  also  frequently  arranged  in 
small  polygonal  areas,  reminding  us  exactly  of  the  small  polygonal 
plates  of  Drepanaspis,  and,  like  them,  often  having  a  specially  large 
tubercle  in  the  centre.  That  Fsammosteus  had  an  ancestry  similar  to 
that  of  Drepanaspis  can  also  hardly  be  doubted. 

Finally,  in  the  well-known  Pteraspis  of  the  Upper  Silurian  and 
Lower  Devonian  formations  we  have  a  creature  which  also  has  the 
head  and  anterior  part  of  the  body  enveloped  in  a  carapace,  to  which 
a  tail  covered  with  rhombic  scales  is  appended  behind,  and,  though 
the  oaudal  fin  has  never  been  properly  seen,  such  remains  of  it  as 
have  occurred  distinctly  indicate  that  it  was  heterooercal  in  its 
contour.  The  plates  of  the  carapace  have  a  striking  resemblance 
in  general  arrangement  to  those  of  Drepanaspis,  though  the  small 
polygonal  pieces  have  disappeared,  and  there  is  a  prominent  pointed 
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TOBtrnm  in  front  of  the  paonth ;  and  it  is  to  be  noted  that  the  small 
round  apertnres  usually  supposed  to  be  orbits  are  in  a  position  qaitie  • 
analogous  to  that  of  the  sensory  pits  in  Drepanaspis.  The  plates  of' 
the  oarapaoe  of  Pteraspis  are  not,  however,  tuberoulated,  but  oma^i 
mented  by  fine  olose  parallel  ridges,  the  miorosoopio  structure  of 
which,  along  with  their  frequent  lateral  orenulation,  leaves  no  doub^  ^ 
in  our  minds  that  they  lyave  been  formed  by  the  running  together  in 
lines  of  Thdodus-like  shagreen  grains.  An  aperture  supposed  to  be' 
branchial  is  seen  on  the  plate  forming  the  posterior  angle  of  the> 
oarapaoe  on  each  side. 

Until  these  recent  discoveries  concerning  the  OoeldepidsB  and> 
DrepanaspidsB,  Pteraspis  and  its  allies,  CfyatJuupiSt  and  PcAaaepis- 
x)onstituted  the  only  family  included  in  the  order  Heterostraoi  of' 
the  sub-class  Ostracodermi,  distinguished,  as  shown  by  Lankester,> 
by  the  absence  of  bone  lacunao  in  the  microscopic  structure  of  their 
plates.  It  is  now,  however,  clear  that  we  can  trace  them  back  to  an'' 
ancestral  family  in  which  the  external  dermal  armature  was  still  in' 
the  generalized  form  of  separate  shagreen  grains  or  spinelets. 

But  the  Ostracoderml  are  usually  made  to  include  two  other 
groups  or  orders,  namely  the  Osteostraoi  and  the  Asterolepida.^ 

The  Osteostraoi  are  distinguished  from  the  Heterostraoi  by  the 
possession  of  lacunsd  in  their  bone  structure,  and  by  having  the 
eyes  in  the  middle  of  the  head-shield  instead  of  at  the  sides.  Gepha* 
laspis,  which  occurs  from  the  Upper  Silurian  to  the  top  of  the 
Devonian,  is  the  best  known  representative  of  this  division.  Instead 
of  a  carapace,  we  find  a  large  head-shield  of  one  piece,  though  its 
structure  shows  evidence  of  its  having  been  originally  composed  of 
a  mosaic  of  small  polygonal  plates,  and  it  is  also  to  be  noted  that 
the  surface  is  ornamented  by  small  tubercles,  there  frequently  being 
one  larger  in  size  in  the  centre  of  each  polygonal  area.  The 
posterior  external  angles  of  the  shield  project  backwards  in  a  right 
and  left  pointed  process  or  comu,  scarcely  developed  in  C.  Jfurehisoni, 
internal  to  which,  and  also  organically  connected  with  the  head- 
shield,  is  a  rounded  fiap-like  structure,  which  strongly  reminds  us 
of  the  lateral  flaps  of  the  Ocololepidsa.  The  body  is  oovered  with 
scales,  which  on  the  sides  are  high  and  narrow;  there  is  a  small 
dorsal  fin,  and  the  caudal,  though  heterocercal,  is  not  bilobate.  It 
is  scarcely  necessary  for  me  to  add  that  we  find  just  as  little  evidence 
of  jaws  or  of  teeth  as  in  the  case  of  the  Heterostraoi. 

The  association  of  the  Heterostraoi  and  Osteostraoi  in  one  sub- 
class of  Ostracodermi  has  been  strongly  protested  against  by  Professor 
Lankester  and  Dr.  0.  M.  Beis,  but  here  the  Scottish  Silurian  strata 
come  to  the  rescue  with  a  form  which  I  described  last  year  under 
the  name  of  Ateleaspis  tesseUata,  and  of  which  some  more  perfect 
examples  than  those  at  my  disposal  at  that  time  have  recently  come 
to  light  through  the  labours  of  Mr.  Tait,  of  the  Geological  Survey  of 
Scotland. 

^  To  these  I  myself  recently  added  a  fourth,  the  Anaspida,  for  the  remarkable 
Upper  Silurian  family  of  BirkeniidsB,  but  as  these  throw  no  light  as  yet  on  tiie 
proolem  of  Descent  they  may  at  present  be  only  mentioned. 
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Here  we  have  a  oreature  whose  general  form  reminds  us  strongly 
of  TheloduBf  but  whose  close  affinity  to  Cephalaspis  is  absolutely 
pliun,  were  it  only  on  account  of  the  indications  of  orbits  on  the  top 
of  the  head. 

The  expanded  anterior  part  which  here  represents  the  head-shield 
of  Cephalaspis  shows  not  the  slightest  traoe  of  comua,  but  forms^ 
posteriorly  a  gently  rounded  lobe  on  each  side,  clearly  suggesting 
that  the  comual  flaps  of  Cephalaspis  are  homologous  with  and 
derivable  from  the  lateral  expanses  in  the  Coelolepids.  This  cephalic 
covering  is  composed  of  numerous  small  polygonal  plates  like  those 
of  which  the  head-shield  in  Cephalaspis  no  doubt  originally  con- 
sisted, and  the  minute  tubercles  which  cover  their  outer  surfaces 
also  suggest  that  the  superficial  layer  was  formed  by  the  fusion 
of  Codlolepid  scales.  The  body  is  covered  with  rhombic  scales, 
sculptured  externally  with  tubercles  and  wavy  transverse  ridges, 
and  arranged  in  lines  having  the  same  general  direction  as  the  scutes 
of  Cephalatpis,  from  which  we  may  infer  that  the  latter  originated 
from  the  fiision  of  scales  of  similar  form.  The  fins  are  as  in 
Cephalaspis^  there  being  one  small  dorsal  situated  far  back,  and 
a  heterooeroal  caudal,  which  is  triangular  in  shape,  and  not  deeply 
deft  into  upper  and  lower  lobes  as  in  the  Ccelolepidn.  Finally,  the 
scales,  on  microscopic  examination,  show  well-developed  bone  lacuna 
in  their  internal  structure. 

That  AieUaspis  belongs  to  the  Osteostraci  there  is  thus  not  the 
smallest  doubt,  but  its  general  resemblance  to  the  Coelolepidsd  in  ita 
contour  anteriorly  led  me  to  regard  it  as  an  annectent  form,  and 
consequently  to  believe  that  there  is  after  all  a  genuine  genetic  con- 
nection between  the  Heterostraci  and  the  Osteostraci.  And  I  have 
not  seen  reason  to  depart  from  that  opinion  even  though  AieUaspis 
turns  out  to  be  still  closer  to  Cephalaspis  than  was  apparent  in  the 
original  specimens. 

If  this  be  so,  then  Cephalaspis^  as  well  as  Pteraspis  and  its  allies, 
is  traceable  to  the  Coelolepidsd,  shark-like  creatures  in  which,  as  we 
have  already  seen,  the  dermal  covering  consists  of  small  shagreen- 
like scales,  or  of  minute  hollow  spines,  and  consequently  all  theories 
as  to  the  arthropod  origin  of  the  Ostracodermi,  so  far  as  they  are 
founded  on  the  external  configuration  of  the  carapace  in  the  more 
specialized  forms,  must  fall  to  the  ground.  And  from  the  close 
resemblance  of  these  scales  of  Thelodus  to  Elasmobranch  shagreen 
bodies — for  forty-five  years  they  had  been,  by  most  authors,  actually 
referred  to  the  Selachii — I  concluded  that  the  Coelolepidae  owed  their 
origin  to  some  form  of  primitive  Elasmobranchs.  That  is,  however, 
not  in  accordance  with  the  view  of  the  late  Professor  Cope,  that  the 
Ostracodermi  are  more  related  to  the  Marsipobranohii,  and  that,  from 
the  apparent  absence  of  lower  jaw,  they  should  be  placed  along  with 
the  last-named  group  in  a  class  of  Agnatha,  altogether  apart  from 
the  fishes  proper.  And  Dr.  Smith  Woodward,  who  is  inclined  to 
favour  Cope's  theory,  has  expressed  his  view  that  the  similarity  of 
the  Ccelolepid  scales  to  Elasmobranch  shagreen  is  no  proof  of  an 
Elasmobranch  derivation,  but  that  such  structures,  representing  the^ 
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-simplest  form  of  dermal  hard  parts,  may  have  originated  inde- 
pendently in  far  distant  groups.^  Knowing  what  we  do  of  the 
ooonrrenoe  of  strange  parcdlelisms  in  evolution,  it  woald  not  be 
safe  to  deny  such  a  possibility.  But  as  to  a  Marsipobranoh  affinity, 
I  would  point  out  that  the  apparent  want  of  lower  jaw  among  the 
hard  parts  which  nature  has  preserved  for  us  is  no  proof  of  the 
Absenoe  of  a  Meckelian  cartilage  among  the  soft  parts  which  are 
lost  to  us  for  ever ;  and  also,  as  Professor  Lankester  has  remarked, 
that  there  b  no  evidence  whatever  that  any  of  the  creatures  classed 
together  as  Ostracodermi  were  monorhinal  like  the  Lampreys.  The 
^nly  fossil  vertebrate  having  a  single  median  opening,  presumably 
nasal,  in  the  front  of  the  head  is  Palaoipandylus,  but,  whatever 
be  the  true  affinities  of  this  little  creature,  at  present  the  subject 
of  80  much  dispute,  I  think  we  may  be  very  sure  that  it  is  not  an 
Ostracoderm. 

The  Devonian  '  Antiarcha '  or  Asterolepida,  of  which  Ptericbihys 
is  the  best  known  genus,  are  also  usually  placed  in  the  Ostracodermi, 
with  which  they  agree  in  the  possession  of  a  carapace  of  bony  plates, 
in  the  absence  of  distinct  lower  jaw  or  teeth,  in  the  non-preservation 
of  internal  skeleton,  and  in  having  a  scaly  tail  furnished  with  a 
heteroceroal  caudal  fin,  and,  as  in  the  Cephalaspidso,  also  with 
a  small  dorsaL  But  they  have  in  addition  a  pair  of  singular  jointed 
thoracic  limbs,  evidently  organs  of  progression,  which  are  totally 
unlike  anything  in  the  Osteostraci  or  in  the  Heterostraci,  or  indeed 
in  any  other  group  of  fishes.  These  limbs  are  covered  with  bony 
plates  and  hollow  inside,  but  though  I  once  fancifully  compared 
them  in  that  respect  with  the  limbs  of  insects,  I  must  protest 
strongly  against  this  expression  of  mine  being  quoted  in  favour  of 
the  arthropod  theory  of  the  derivation  of  the  Yertebrata ! 

Nor  do  I  think  that  there  is  any  probability  in  the  view  published 
by  Simroth  nine  years  ago,'  namely,  that  FterichthyB  may  have  been 
a  land  animal  which  used  its  limbs  for  progression  on  dry  ground, 
and  that  the  origin  of  the  heteroceroal  tail  was  the  bending  up  of 
the  extremity  of  the  vertebral  axis  caused  by  its  being  dragged 
l)ehind  the  creature  in  the  act  of  walking.  That  view  was  pro- 
mulgated  before  the  discovery  of  the  membranous  expanse  of  the 
oaudal  fin  in  this  genus. 

But  though  the  Asterolepida  are  apparently  related  to  and  in- 
olusible  in  the  Ostracodermi,  the  geological  record  is  silent  as  to 
their  immediate  origin,  no  intermediate  forms  having  been  found 
oonneoting  them  more  closely  with  either  the  Heterostraci  or  the 
OsteostracL  In  the  possession  of  bone  lacunae  and  of  a  dorsal  fin 
they  have  a  greater  resemblance  to  the  latter,  but  it  may  be  looked 
«pon  as  certain  that  they  could  have  had  no  direct  origin  from  that 
^roup. 

As  regards  the  Ostracodermi  as  a  sub-class,  they  become  extinct 
at  the  end  of  the  Devonian  epoch,  and  cannot  be  credited  with  any 

1  Gbol.  Mao.,  March,  1900. 

'  **  Die  Entstehang  der  Landthiere" ;  Leipzig,  1891. 
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-share  in  the  oTolation  of  the  fishes  of  more  reoent  periods,  not  even* 

.if  we  restore  the  Ooooosteans  or  Arthrodira  to  their  fellowship.     To- 

'the  latter  most  enigmatioal  group,  which  I  shall  still  oontinae  to 

look  upon  as  fishes,  I  shall  make  some  reference  further  on. 

(To  bs  0OiUimt0d  §#•  our  nmt  KumUr.) 

*rV. — ^NOTBS    ON    THl    OeOLOOY  AND    PaLAONTOLOOT  OF    PaTAOONIA. 

By  Professor  W.  B.  Soott,  Princeton  University.* 

FB  the  past  four  years  Princeton  University  has  heen  conductiog 
explorations  in  Patagonia  under  the  direction  of  Mr.  J.  B. 
.Hatcher.  The  large  expenses  of  the  undertaking  have  been  defrayed 
by  the  generosity  of  friends  in  New  York  and  Baltimore,  and  Mr.  J. 
Pierpont  Morgan  has  given  the  sum  of  £5,000  for  the  publication  of 
the  important  results  which  Mr.  Hatcher  has  obtained. 

The  oldest  sedimentary  formation  observed  is  a  marine  Cretaceous 
found  in  the  Cordillera ;  the  Ammonites  of  this  horizon  have  beea 
studied  by  Mr.  Stanton,  and  he  reports  that  they  indicate  Gault  age^ 
and  show  close  relationship  to  the  Uitenhage  beds  of  South  Africa. 

The  oldest  marine  Tertiaries  are  given  in  the  section  near  tho 
Straits  of  Magellan,  and  my  assistant,  Dr.  Ortmann,  informs  m» 
that  the  fossils  point  to  a  late  Eocene  or  Oligocene  age  for  these 
beds,  which  he  has  called  the  Magellan ian  beds.  These  are  overlain 
by  the  great  Patagonian  formation,  which  is  of  wide  extent,  of 
marine  origin,  and  richly  fossiliferous.  The  200  species  of  marine 
invertebrate  fossils  obtained  from  this  horizon  have  been  studied  by 
Dr.  Ortmann,  and  lead  to  some  very  interesting  conclusions.  In 
the  first  place  they  unequivocally  demonstrate  the  Miocene  age  of 
the  beds  (not  Cretaceous  and  oldest  Eocene  as  Ameghino  has  main* 
tained),  and  in  the  second  place  they  display  the  closest  resemblance 
to  the  Miocene  of  Australia  and  New  Zealand,  pointing  to  a  shore^ 
connection  with  those  countries  in  Miocene  times.  The  Patagoniaiv 
and  supra-Patagonian  stages  are  shown  not  to  be  distinguishable. 

The  Santa  Cruz  beds,  a  fresh-water  and  terrestrial  formation, 
overlie  and  partially  dovetail  in  with  the  Patagonian.  They  contain, 
an  incredibly  abundant  and  varied  mammalian  fauna,  of  which  a  vast 
collection  was  brought  home.  This  fauna  has  only  a  very  remote 
connection  with  the  Miocene  mammals  of  the  northern  hemisphere, 
and  strongly  confirms  Riitimeyer's  contention  of  a  southern  centre 
of  distribution.  The  presence  of  numerous  carnivorous  marsupials 
(there  are  no  true  Carnivora)  is  additional  evidence  of  a  connection, 
direct  or  indfrect,  with  AustralicL  Unconformably  overlying  the 
Santa  Cruz  is  another  marine  formation,  discovered  by  Mr.  Hatcher 
and  by  him  named  the  Cape  Fairweather  beds.  The  fossils  indicate 
the  Pliocene  age  of  these  beds. 

Mr.  Hatcher's  labours  have  thus  resulted  in  proving  that  Pata- 
gonian geology  is  in  complete  accord  with  the  system  established  for 
the  northern  hemisphere,  and  that  it  is  not  of  such  exceptional 
character  as  has  been  supposed. 

^  Bead  before  the  British  ABSociation,  Section  C  (Oeology),  Bradford,  Sept,  1900. 
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Y. — Thb  Pebbles  of  the  Holltbubh  Oonolomsbate,  and  theib 

BBABINQ     ON    LOWEB     AND     CaHBBIAN     PAL^BOaEOGBAPHT.^      Bj 

Professor  Theodobe  Qboom,  M.A.,  D.So. 

rpEEE  Malvem  Hills  are  commonly  supposed  to  haye  formed  part 
X  of  an  old  ooast  during  the  deposition  of  the  Lower  Palsdozoio 
beds.  A  preliminary  examination  of  the  materials  of  the  Hollybush 
Conglomerate  by  the  author  does  not  support  this  yiew. 

I^e  most  abundant  pebbles  consist  of  quartz ;  these  vary  from 
a  ooarse  mosaio  of  crystals  to  a  fine  quartz-schist  Most  of  the 
varieties  are  probably  of  metamorphio  origin ;  some  appear  to  be 
merely  vein-quartz,  and  some  represent  the  quartzose  portions  of 
granites  and  other  rocks.  Bed  granites  and  granophyres,  often 
crushed,  are  tolerably  abundant;  these  often  contain  microcline. 
Mica-schist  and  chlorite-sohist  occur  rarely.  Very  abundant  are 
dififerent  varieties  of  felsite.  These  appear  to  be  mostly  micro-  or 
cryptocrystalline,  and  often  miorographio,  rhyolites,  compact  or 
porphyritic ;  sometimes  banded,  and  occasionally  spherulitia  Some 
of  the  varieties  may  represent  crushed  intrusive  feisites.  Far  rarer 
than  the  rhyolites  are  miorolithic  andesites,  or  andesitic  basalts. 
Other  pebbles,  and  the  grains  of  the  groundmass,  consist  of  materials 
derivable  from  the  rocks  mentioned  above. 

The  resemblance  of  these  materials  to  the  rocks  of  the  Malvem 
range  is  sufficiently  close  to  prove  the  Pre-Cambrian  age  of  the 
latter.  But  striking  differences  in  microscopic  structure  and  in  the 
proportionate  numbers  of  corresponding  rocks  in  the  two  series,  and 
the  absence  of  any  relation  between  the  local  nature  of  the  con- 
glomerate and  that  of  the  Archaaan  mass  nearest  to  it,  can  hardly  be 
explained  exoept  on  the  assumption  that  the  range  itself  did  not 
furnish  the  materials. 

The  stratigraphioal  relations  of  the  conglomerate  and  Archieaii 
mass,  moreover,  appear  to  indicate  that  the  Malvem  Hills  —  the 
southern  portion  at  least — in  Cambrian  times  formed  part  of  an 
area  of  deposition,  and  not  of  denudation. 

The  author  maintains,  then,  that  the  Malvem  Hills  did  not  form 
a  coastline  in  Cambrian  times,  a  conclusion  which  is  in  agreement 
with  hb  former  contention  that  they  arose  at  a  much  later  date. 

YL — SnaoESTioNs   in   beoabd   to    the    Beoistbation    or   Type 
Fossils.'    By  the  Bev.  J.  F.  Blake,  M.  A,  F.G.S. 

WHEBEAS: 
1.  There  is  now  in  existence,  and  has  been  for  some  time, 
a  Committee  of  the  British   Association  "to  consider  the    best 
methods  for  the  registration  of  all  type-specimens  of  fossils  in  the 
British  Isles." 

2.  There  is  as  yet  in  course  of  production  no  general  register  of 
such  specimens. 

3.  The  original  types  are  in  many,  perhaps  the  majority  of,  cases 
either  lost,  inaccessible,  or  inadequately  preserved  or  described. 

^  Bead  before  the  British  Association,  Section  C  (Geology),  Bradford,  Sept.,  1900. 
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4.  Many  names  in  oommon  nse  have  a  foreign  origin,  whioh  have 
not  been  adopted  after  aotual  oompariaon  with  the  original  foreign 
types. 

5.  Palfldontological  nomenclature  consequently  still  remains 
burdened  with  names  of  uncertain  value. 

It  is  therefore  advisable  that : 

1.  The  above-named  Oommittee  recognize  and  register  a  new  class 
of  *  types/  whioh  may  be  either  original  or  adopted,  but  whioh  satisfy 
certain  conditions  laid  down  to  ensure  their  having  a  definite  value. 

2.  A  register  be  published  annually  of  such  types,  so  that  an 
author  in  using  a  name  may  have  the  option  of  quoting  this 
register,  instead  of  the  original  author's  name. 

3.  This  register  should  give  references  (1)  to  the  author  or 
authors,  and  their  publioatious  thereupon,  who  have  first  satisfied 
the  required  conditions;  (2)  to  the  museum  where  the  type  is 
deposited. 

4.  The  limitation  of  types,  registered  by  the  British  Association, 
should  have  reference  to  the  type-specimens,  whatever  their  origin, 
which  are  deposited  in  museums  within  the  United  Kingdom 
(possibly  to  be  enlarged  at  a  future  date  to  the  British  Empire). 

5.  The  Committee  should,  from  time  to  time,  determine  the 
conditions  required  for  registration,  but  should  be  in  no  way 
responsible  for  the  validity  of  the  'species'  to  which  the  type 
may  be  said  to  belong,  nor  for  the  name  under  which  it  is  registered, 
which  registration  should  apply  to  the  *  specific '  name  only,  and  not 
be  a£fected  by  its  reference  later  to  another  genus ;  the  only  care 
of  the  Committee,  beyond  seeing  that  the  required  conditions  are 
satisfied,  being  to  secure  that  identical  diagnoses  are  not  registered 
under  different  names,  and  that  the  same  name  is  not  used  at 
different  times  for  different  diagnoses. 

The  suggested  conditions  for  registration  are  as  follows : — 

1.  A  single  specimen  must  be  selected  as  the  type,  but  two  or 
more  co-types  may  be  admitted,  which  are  identical  in  all  other 
respects  save  in  the  preservation  of  different  necessary  characters. 

2.  The  exact  horizon  and  locality  of  the  specimen  thus  selected 
must  be  known. 

3.  All  the  commonly  called  '  specific '  characters  required,  in  the 
dass  to  whioh  it  belongs,  must  be  known  by  the  type  or  by  the  co- 
types  together,  and  also  described,  and  also  the  generic  ones  when 
the  genus  is  not  obvious.  [N.B. — The  determination  whether  this 
condition  is  carried  out  in  any  particular  case  will  rest  with  the 
member  of  the  Committee  charged  with  the  class.] 

4.  All  characters  capable  of  numerical  statement,  including  size, 
proportion  of  parts  or  lines,  angle,  eta,  must  be  so  given.  [N.B. — 
Adequate  figures  may  suffice  for  this.] 

5.  The  type-specimen  must  be  permanently  placed  in  a  public 
museum  in  the  United  Kingdom. 

N.B. — It  is  not  necessary  that  the  type-specimen  in  the  above 
sense  should  be  the  first  anywhere  described  under  the  registered 
name,  but  only  the  first  that  satisfies  the  above  conditions. 
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It  is  snggested  that  registered  types  should  be  quoted  as  B  1, 
B  13^.g.  Terehratula  hipUcata,  B  1,  or  Phacopi  eaudatus,  B  13 — B 
standing  for  British,  and  the  number  for  that  of  the  year  of  the 
oentnry.  Specimens  differing  notably  from  the  type,  but  included 
in  the  same  species,  might  be  quoted  as  (B  1). 

YII. — On  thb  laNKOUs  Books  assooutbd  with  thb  Oambbiah 
Bkds  or  Malybbn.^    By  Professor  Thbodobe  Qboom,  M.A.,  D.Sa 

THB  igneous  rocks  of  the  Oambrian  beds  of  the  Southern  Malvems 
have  commonly  been  regarded  as  of  volcanic  origin.  The  author, 
after  a  careful  examination  of  the  rocks  under  the  microscope,  and 
of  the  ground,  concludes  that  the  soorisd  and  tuffs  previously 
described  are  non-existent,  and  that  the  whole  of  the  igneous  rooks 
are  probably  intrusive.  They  consist  of  sills  and  small  laccolites 
of  basic  and  ultra-basic  olivine  diabase  and  olivine  basalt,  in  which 
olivine  is  often  extremely  abundant,  and  of  bosses  and  dykes  of 
peculiar  amphibole  bearing  andesites  and  andesitio  basalts.  Intrusion 
probably  took  place  in  Ordovician  times. 

VIII. — Bbaoh  Fobmation  im  thb  Thiblmbbb  Rbsbbvoib.    By  B.  D. 
Oldham,  F.Q.S.,  Geological  Survey  of  India.^ 

READERS  of  Mr.  Marr's  book  on  the  "  Scientific  Study  of  Scenery  " 
will  recall  the  comparison  made  by  the  author  between  the 
irregular  and  angular  outline  of  the  Thirlmere  Lake  Reservoir, 
due  to  the  submergence  of  a  land  surface  shaped  by  subaerial 
denudation,  and  the  more  gracefully  curved  outline  of  the  natural 
lakes,  where  wind,  waves,  and  streams  have  combioed  to  round  off 
the  angularities  by  wearing  away  the  prominences  and  filling  up  the 
re-entering  angles.  This  reproach  seems  to  the  author  to  be  some- 
what exaggerated,  as  the  shore-lines  of  the  Cumberland  Lakes  have 
only  been  partially  remodelled  by  wave  action  and  delta  formation, 
and  the  original  outlines  due  to  simple  submergence  are  still  to  be 
seen.  However  this  may  be,  the  reproach,  such  as  it  is,  is  in 
process  of  removal.  All  along  the  shore  of  the  Thirlmere  Lake 
incipient  beach  erosion  is  to  be  seen,  and  towards  the  northern  end 
of  the  lake,  where  the  shores  close  in  and  are  exposed  to  the  force  of 
the  waves  driven  along  the  length  of  the  lake  by  the  prevailing 
southerly  winds,  typical  beaches  and  beach -curves  are  being 
•developed.  [Lantern-slides  showing  the  as  yet  incompleted  transition 
from  the  irregular  outlines  produced  by  submergence  to  the  regular 
ourves  of  beach-formation  were  exhibited,  and  attention  drawn  to 
this  interesting  opportunity  of  witnessing  the  gradual  formation  and 
growth  of  a  beach.]     

IX. — Repobt  of  thb  Committee  appoimtbd  to  compile  an  Index 
Animalium  :  Dr.  Hbnby  Woodwabd  (Chairman),  Mr.  W.  E. 
HoYLE,  Mr.  R.  MaoLaohlan,  Dr.  P.  L.  Solatbb,  Rev.  T.  R.  B. 
Stebbing,  and  Mr.  F.  A.  Batheb  (Secretary).^ 

THE  Committee  has  the  honour  to  report  that  this  work  has  made 
very  satisfactory  progress  in  the  hands  of  Mr.  0.   Davies 
Sherbom,  and  that  the  literature  down  to  the  year  1800  has  now 
^  Bead  before  the  BritiBli  Association,  Section  C  (Oeology),  Bradford,  Sept.,  1900. 
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been  sought  out  and  indexed.  The  manosoript  of  this  portion  wiIF 
be  ready  for  the  printer  in  a  few  weeks,  and  the  Committee  i» 
oonsideriog  the  best  form  of  pablioation  and  estimating  the  oost. 
Meanwhile  the  indexing  of  literature  after  1800  it  being  oontinned. 
At  this  stage  the  Committee  would  be  glad  to  reoeive  suggestions  or 
offers  of  help  for  the  publioation  of  this  great  work,  since  the  sums- 
hitherto  so  generously  awarded  to  it  are  only  sufficient  for  the 
necessary  current  expenses,  which  continue  as  before.  The  Com- 
mittee therefore  earnestly  requests  its  reappointment  with  a  grant 
of  £100. 

The  following  report  on  dates  of  publioation  has  been  issued  by 
Hr.  Sherbom  during  the  year:  Laoep^de's  '^ Tableaux  des  Mammi- 
fdres  et  des  Oiseaux,"  Natural  Science,  December,  1899.  The 
Committee  desires  to  thank  M.  Ghtdeau  de  Eerville,  Dr.  Budolph 
Burckhardt,  of  Basel,  Mr.  F.  Justen  (Dulau  &  Co.),  and  the 
Smithsonian  Institution  of  Washington  for  assistance  concerning 
rare  books  wanted  by  the  compiler. 

X. — Woodward's   Table   op   Bkitish  Stbatigbaphioal  Geology 

AND  PaLSONTOLOOT  ;   SHOWING  THE  EOONOMIO  PbODUOTS  OF  EACH 

Formation.' 

DR.  HENRY  WOODWARD  exhibited  on  behalf  of  Mr.  Horaco 
Woodward  and  himself  a  coloured  Table  of  British  Strata, 
shawing  the  major  and  minor  subdivisions  of  the  strata,  with  their 
thicknesses,  the  characteristic  fossils  met  with  in  each,  also  their 
economic  products,  and  the  places  throughout  the  British  Isles  where 
the  several  formations  are  exposed  at  the  surface  and  can  be  studied. 
The  Table  will  be  published  by  Messrs.  Dulau  <fc  Co.,  37,  Soho 
Square,  W. 

I^  ES  ^V"  I  E  ^W  S. 


Summary  of  Progress  or  the  Oeologioal  Suryet  of  the 
United  Kingdom  for  1899.  pp.  214.  (London :  printed  for 
H.M.  Stationery  Office,  1900.     Price  1«.) 

THIS,  the  third  issue  of  the  '*  Summary  of  Progress,"  has  the 
merit  of  being  a  trifle  shorter  than  the  previous  number ;  and 
contains,  as  an  Appendix,  a  very  useful  **  Catalogue  of  Types  and 
Figured  Specimens  from  the  Eocene  and  Oligocene  Series  preserved 
in  the  Museum  of  Practical  Geology,"  compiled  by  Mr.  H.  A.  Alleu. 
We  hope  that  further  instalments  of  this  Catalogue  will  be  published 
at  as  early  a  period  as  possible. 

With  regard  to  the  **  Summary"  of  the  field-work,  we  venture  to 
rejoice  if  it  is  a  few  pages  shorter,  because  there  is  a  tendency  to 
print  an  excessive  amount  of  detail,  and  thereby  to  obscure  the 
character  of  the  work  done.  Those  interested  in  the  progress  of 
science  want  to  know  clearly  and  readily  the  advances  which  have 
been  made,  not  simply  the  observations  made,  by  officers  of  the 

1  Exhibited  and  explained  before  the  British  Association  in  Section  C  ((Geology),, 
at  the  Bradford  Meeting,  September,  1900. 
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G^Iogioal  Survey,  and  it  should  be  more  distinotly  shown  how  far 
the  observations  recorded  are  new,  or  simply  confirmatory  of  what 
others  have  made  known.  No  doubt,  to  a  large  extent,  it  is  the 
very  detail  itself  which  is  new,  but  this  for  the  most  part  is 
interesting  only  to  the  geologist  who  knows  the  ground  or  is 
working  at  it,  and  the  greater  part  might  perhaps  profitably  be  kept 
for  the  memoirs  illustrating  the  maps. 

The  field-work  has  ranged  over  most  of  the  formations,  with  the 
exception  of  Cambrian  and  Permian.  The  pre-Cambrian  rooks  of 
the  counties  of  Boss  and  Inverness  have  received  a  good  deal  of 
attention :  they  include  certain  displaced  masses  of  Lewisian  gneiss 
and  the  schists  known  as  the  "  Moine  series."  The  **  Dalradian  or 
younger  schists  of  the  Scottish  Highlands"  receive  separate  treat- 
ment, and  it  is  remarked  that  we  may  conveniently  retain  the 
provisional  name  "  Dalradian  "  for  the  younger  schists  of  the  region 
east  of  the  line  of  the  Great  Glen.  If  it  shall  be  shown,  as  seems 
probable,  that  the  Moine-schists  of  the  north-west  pass  into  and 
form  part  of  the  Dalradian  series  of  the  Central  Highlands,  a  step 
will  be  gained  towards  the  solution  of  the  problem  as  to  the  age 
and  origin  of  the  schists  of  both  regions.  We  know  that  the 
Moine-schists  of  the  north-west  have  been  pushed  into  their  present 
positions,  and  probably  have  acquired  their  present  crystalline 
characters,  since  Cambrian  time.  The  Survey  has  detected  bands 
of  what  appear  to  be  Arenig  rocks  wedged  in  among  the  schists 
and  grits  along  the  southern  border  of  the  Highlands.  It  thus 
seems  possible  that  the  plication  and  metamorphism  of  the  High- 
land schists  were  not  concluded  until  Lower  Silurian  time,  and  that 
these  schists  may  have  originally  consisted  partly  of  older  Palsozoic 
as^well  as  pre-Cambrian  sediments. 

In  the  island  of  Arran  evidence  which  tends  to  support  the 
above  suggestions  hM  been  obtained.  A  strip  of  rocks  that  can 
be  separated  from  the  ordinary  schists  of  the  island  has  been  found 
to  be  well  developed  in  the  valley  known  as  North  Glen  Sannox. 
It  crosses  the  glen  from  south  to  north  at  a  distance  of  rather  more 
than  a  mile  from  the  sea.  It  is  upwards  of  a  mile  and  a  half  long, 
and  from  100  to  400  yards  broad,  having  its  narrower  width  at 
the  northern  end.  The  rocks  in  this  strip  of  ground,  so  far  as  can 
be  seen,  are  not  separated  by  any  structural  line  from  the  ordinary 
schistose  grits  of  the  Highland  series,  which  they  follow  with  no 
apparent  break.  Nor  do  they  differ  in  degree  of  metamorphism 
from  the  contiguous  Highland  schists.  A  closer  examination,  how- 
ever, reveals  some  characteristic  features  which  have  not  been  met 
with  among  the  schists,  but  which  precisely  resemble  those  already 
detected  in  the  supposed  Arenig  rocks  of  the  Highland  border. 
They  consist  of  black  shales  or  schists  and  cherts,  with  some 
intercalations  of  igneous  rock,  which  probably  include  both  volcanic 
and  intrusive  bands. 

In  the  section  on  Silurian  rocks  we  have  some  interesting 
references  to  the  igneous  rocks,  and  to  the  establishment  of  the 
eruptive  nature  of  what  were  believed  to  be  tufb  and  agglomerates 
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in  the  sonth-east  of  Ireland.  Vigorous  efforts  have  been  made  to 
determine  the  relative  ciges  of  the  great  groups  of  grits  and  slates 
in  Devonshire  and  Oomwall.  Important  details  are  given  of  the 
work  done  in  the  Coalfields  of  North  Staffordshire  and  South  Wales. 
The  discovery  of  Bhetio  fossils  in  the  island  of  Arran  is  of  great 
interest,  although  it  appears  that  the  specimens  were  not  found 
actually  in  aitH,  but  enclosed  in  a  coarse  conglomerate  that  fills 
a  volcanic  vent,  probably  of  Tertiary  age.  Other  fossils,  of  Bhntio 
aspect,  have  been  found  in  Skye,  and  some  interesting  records  are 
given  of  the  strata  in  South  Wales,  where  evidence  has  been 
noticed  of  the  local  recurrence  in  Rbstic  beds  of  the  sedimentary 
conditions  which  attended  the  deposition  of  the  Eeuper  Marls. 

Brief  references  are  given  to  work  in  Jurassic  and  Oretaoeous 
areas,  and  a  list  of  fossils  from  the  Sandgate  beds  near  Midhurst  is 
worthy  of  mention. 

The  further  work  on  the  Tertiary  igneous  rocks  of  Skye  leads  to 
the  belief  that  the  great  gabbro  laccolite  has  a  maximum  thickness 
of  about  3,000  feet  or  more.  The  survey  of  the  Cnillin  Hills  has 
been  nearly  completed.  The  detailed  study  of  the  western  part  of 
the  range  shows  the  great  complexity  of  its  structure,  and  the  very 
^considerable  part  played  by  portions  of  the  basaltic  lavas  entangled 
in  the  gabbro  and  highly  metamorphosed.  The  gabbro  itself  consists 
of  numerous  distinct  intrusions  in  the  form  of  wedges,  sheets,  and 
tongues. 

Many  interesting  facts  relating  to  the  Glacial  Drifts  and  newer 
deposits  have  been  gathered.  Especially  noteworthy  is  the  con- 
clusion that  the  raised  beach  of  the  Oower  promontory  in  South 
Wales,  between  Bacon  Hole  and  Mumbles  Head,  is  pre-Glacial  or 
Interglacial.  The  bone-beds  which  rest  upon  the  raised  beach  in 
the  cavQs  are  continuous  with  a  layer  of '  head '  which  overlies  the 
beach.     Olacial  Drift  lies  upon  these  deposits. 

Beoords  of  the  petrographical  and  palsdontological  work  and  lists 
of  publications  are  given  at  the  end  of  this  ''  Summary  of  Progress," 
which  displays  throughout  the  evidence  of  much  painstaking  and 
enthusiastic  labour. 
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FINE  SECTION  OP  BOULDEE-CLAY  AT  CiaCH. 

Sib,— Geologists  interested  in  the  glacial  deposits  of  the  Midland 
bounties  will  no  doubt  be  glad  to  hear  that  a  very  fine  section  of 
Boulder-day,  which  rests  upon  a  striated  floor  of  Mountain  Limestone, 
is  now  to  be  seen  in  Derbyshire  near  the  village  of  Crich  (Matlock 
Baths).  The  presence  near  this  place  of  a  great  mass  of  Boulder-clay 
oontaiuing  erratics  foreign  to  the  county  has  been  known  for  a  number 
of  years.  Becently  the  quarry  cutting  into  this  clay  has  been  re- 
worked, a  steam  navvy  having  been  set  to  work  to  clear  the  clay  off 
the  limestone.  Mr.  Amold-Bemrose  and  I  visited  the  quarry  on 
^November  25,  1899,  and  found  that  an  excellent  section  of  '  till  * 
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lasting  npon  limestone  was  exposed.  The  'till'  reached  a  thick- 
ness of  at  least  40  feet  in  places,  and  rested  upon  a  striated  floor  of 
limestone  rock.  The  Boulder-clay  is  a  tough  reddish  or  bluish 
deposit,  with  streaks  or  patches  of  sand,  sandy  gravel,  or  sandy  clay. 
The  whole  deposit  is  thickly  studded  with  boulders,  both  large  and 
small,  most  of  which  are  finely  polished,  striated,  and  grooved. 
Limestone,  gritstone,  sandstone,  and  quartzite  are  the  most  common 
rocks,  but  toadstone  and  various  greenstones  and  granites  are  by 
no  means  rare.  On  the  last  occasion  on  which  we  visited  the 
quarry  we  found  that  the  clay  had  been  cleared  off  the  limestone 
over  a  large  area,  exposing  a  floor  finely  striated,  polished,  and 
grooved  over  its  whole  extent  The  striations  run  N.  20°  W., 
indicating  an  ice-flow  coinciding  roughly  in  direction  with  th& 
neighbouring  Derwent  Valley.  Mr.  Amold-Bemrose  and  I  have 
been  at  work  for  some  years  examining  the  numerous  Boulder-clay 
deposits  and  erratics  this  ice-flow  has  left  behind  it  at  points  higher 
up  the  valley  than  Orich,  and  we  hope  to  be  in  a  position  to  deal 
somewhat  fully  with  the  glaciation  of  North  Derbyshire  in  the  near 
future.  The  deposits  formed  by  the  ice  which  crossed  the  watershed 
into  the  Wye  Valley  near  Buxton  have  already  been  traced  over 
large  areas  south  of  the  Trent.  In  these  deposits  the  boulders  are 
''such  as  would  be  brought  down  by  glaciers  descending  the 
valleys  of  the  Wye,  Derwent,  and  other  northerly  and  westerly 
tributaries  of  the  Trent,  debouching  into  and  crossing  the  valley 
of  the  latter  river."  *  R.  M.  Dbblky. 

38,  CuAsxwooD  Stbbbt, 
Db&bt. 
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PROFESSOR    HANS    BRUNO   QEINITZ. 
BoRH  OcTOBBR  16,  1814.  DiBD  Janvabt  28,  1900. 

H.  B.  Geinitz  was  bom  at  Altenburg  on  October  16,  1814,  and 
studied  at  the  Universities  of  Berlin  and  Jena,  taking  the  degree  of 
Ph.D.  in  1837,  with  a  thesis  on  the  Muschelkalk  of  Thuriogia.  He 
went  to  Dresden  in  1838  to  take  part  in  the  work  of  the  Eoyal 
Technical  High  School,  in  which  he  became  Professor  of  Mineralogy 
and  Geognosy  in  1850,  maintaining  his  connection  with  that 
establishment  until  1894.  In  1857  he  was  made  Director  of  the 
Boyal  Mineralogical  and  Geological  Museum,  which  post  he  also 
held  until  1894.  His  work  related  chiefly  to  Saxony,  and  to  it 
we  are  specially  indebted  in  regard  to  the  palsdontological  relations 
of  that  kingdom,  but  it  also  extended  over  other  parts  of  Europe. 
Amongst  his  more  notable  works  are  those  on  the  Fossils  of  the 
Coal-measures  of  Saxony,  on  the  Cretaceous  Formations  of  Saxony, 
comparing  them  with  those  of  England,  on  the  Animal  Bemains 
of  tiie  Dyas,  and  on  the  Elbtbalgebirge  of  Saxony,  and  these  ar& 
the  more  valuable  from  being  well  illustrated.  He  was  one  of  the 
editors  of  the  ''Neues  Jahrbuch  fiir  Mineralogie  nnd  Geologic"  from 
1  Q.J.G.S.,  1886,  p.  440. 
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1863  to  1879.  Professor  Hans  Bmno  Greinits  was  elected  a  Foreign 
Member  of  the  G^logioal  Society  of  London  in  1857,  and  was 
Mnrohison  Medallist  in  1878. 

ALPHONSE    MILNE -EDWARDS. 
BoBn  OoTOBn  18,  1836.  Disd  Apbil  21,  1900. 

Bt  the  unexpected  death  of  Milne-Edwards  a  gap  has  been 
created  in  the  foremost  ranks  of  noted  palsdontologists  and  Boologista 
that  it  will  be  hard  to  fill ;  indeed,  so  long  has  his  familiar  name  been^ 
a  household  word  with  us  that  it  is  still  impossible  to  realize  our  loss. 

Sprung  from  English  stock,  being  the  grandson  of  Bryan  Edwards, 
M.P.,  a  West  Indian  planter  who  settled  at  Bruges,  Alphonse  Milne- 
Edwards,  son  of  the  celebrated  Henri  Milne  Edwards  (180Q-1885), 
^as  bom  in  Paris,  13th  October,  1835,  and  in  his  career  followed 
closely  in  his  father's  footsteps. 

He  took  his  degree  of  Doctor  of  Medicine  in  1860  and  of  Science 
in  1861 ;  became  an  Assistant  Naturalist  at  the  Mus6nm  d'Histoire 
Naturelle  in  1862 ;  Assistant  Professor  at  the  ^oole  sup6rieure  de 
Pharmacie  in  1864,  and  Professor  there  in  1865 ;  Assistant  Professor 
of  the  Zoological  Laboratory  of  the  ^oole  des  Hautes  £tades  in 
1869,  and  Director  in  1880;  he  was  also  appointed  Professor  of 
Zoology  at  the  Museum  d'Histoire  Naturelle  in  1876,  and  finally 
its  Director  in  1892.  He  was  elected  a  member  of  the  Academy 
of  Science,  Section  Anatomy  and  Zoology,  in  1879,  and  of  the 
Academy  of  Medicine  in  1885.  He  was  elected  a  foreign  member 
^f  the  Zoological  Society  of  London  in  1876,  and  in  1882  a  Foreign 
Correspondent  of  the  G^logioal  Society. 

His  earliest  papers  were  physiological,  but  he  next  turned  to 
the  study  of  Crustacea,  both  recent  and  fossil,  while  in  1863  he 
published  his  first  paper  on  fossil  birds,  entitled  "Memoir  sur  la 
distribution  g^logique  des  Oiseaux  fossiles."  Three  years  later 
the  first  part  of  his  monumental  work,  ''Becherohes  anatoroiquea 
et  pal^ntologiques  pour  servir  d  Thistoire  des  Oiseaux  fossiles 
de  la  France,"  was  issued,  a  work  which  when  completed  in  1871 
extended  to  two  volumes  of  text  and  two  of  plates.  In  it  he 
showed  the  possibility  of  forming  a  classification  of  birds  by  means 
of  their  "long  bones."  Concurrently  there  appeared  (1866-^3) 
his  "Eecherches  sur  la  Faune  omithologique  6teinte  des  ties 
Masoareignes  et  de  Madagascar.'' 

While  these  are  the  more  important  of  his  palsBontologioal  works 
they  by  no  means  represent  a  tithe  of  his  scientific  writings.  He 
was  associated  with  bis  father  in  bringing  out  the  '*  Becherches  pour 
servir  h  Thistoire  naturelle  des  Mammif&res "  (1868-74),  and  with 
Grandidier  in  the  volumes  (1878-81)  on  Birds  in  the  latter's 
"  Histoire  physique,  naturelle,  et  politique  de  Madagascar."  He  was 
also  keenly  interested  in  the  question  of  the  distribution  of  animal 
life  at  great  depths  in  the  ocean,  and  it  was  at  his  instance  and 
under  his  superintendence  that  the  submarine  surveying  vessels  the 
"  Travailleur "  and  "  Talisman "  were  sent  out  by  the  French 
Government ;    his  work  receiving  acknowledgement   in   1884  in 
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the  award  of  the  gold  medal  of  the  Sooi6t6  G6ographiqne  de  Franoe. 
Of  minor  papers  on  zoologioal  and  palssontologioal  sabjeots  contribated' 
to  various  scientific  joamals  and  the  proceedings  of  different  learned 
societies,  he  must  be  credited  with  upwards  of  one  hundred  and 
£fty,  dealing  with  nearly  every  group  of  the  animal  kingdom. 

This  busy  and  useful  life  was  brought  to  a  close  after  a  short 
illness  on  21st  April,  1900.  Alphonse  Milne-Edwards  will  be  as 
sincerely  mourned  by  us  as  by  his  own  countrymen,  for  the  man 
of  science  belongs  to  the  world. 

JAMES   THOMSON,    F.Q.S. 
BoBK  DsouiBui  18, 1823.  Dibb  Hat  14,  1900. 

It  is  well  known  that  the  natnral  taste  or  instinct  of  observing 
4md  trying  to  explain  the  manifold  phenomena  of  Nature,  animate 
and  inanimate,  is  strongly  developed  in  many  individuals;  and 
that,  in  spite  of  great  and  various  difficulties,  it  has  produced  good 
results  to  the  scientist  in  particular  and  to  society  in  general. 

The  late  Mr.  James  Thomson,  of  Glasgow,  was  a  notable  example 
•of  the  energy  and  persistence  in  the  line  of  research  that  he  chose  to 
follow,  in  the  long  uphill  struggle  of  hard  work  against  penury  and 
family  misfortune.  Snatching  a  few  hours  from  early  morning 
sleep,  he  got  a  little  schooling ;  and  this  was  all  the  basis  he  had  for 
A  scanty  education.  His  strong  self-reliance  helped  him  much  in 
after-life,  but  became  inseparable  from  his  self-opinionatedess,  when 
advised  by  the  Editors  of  the  Scientific  Journals  in  which  the 
results  of  his  workings  on  the  structure  of  corals  were  published. 
Not  fully  appreciating  grammatical  accuracy,  and  sadly  wanting 
in  a  knowledge  of  Latin,  which  language  naturalists  use  for  genera 
and  species,  his  mistaken  obstinacy  led  to  disagreements  and 
disappointments  between  him  and  his  willing  literary  helpers  in 
Olasgow  and  London.  For  some  years  he  had  taken  up  the  study 
of  the  fossil  corals  abounding  in  the  Carboniferous  Limestone  of 
Western  Scotland ;  indeed,  in  his  native  town  he  had  noticed,  when 
a  boy,  these  fossils  in  the  *'  Bed  of  Kilmarnock  Water."  Ultimately, 
a  goodly  set  of  memoirs  were  produced  (upwards  of  twenty  before 
1883,  and  others  since),  enriched  with  illustrations  of  the  peculiar 
structures  of  the  several  kinds  of  corals  described  therein.  Of  these 
illustrations,  very  many  were  delicate  outlines  produced  by  a  process 
kept  secret  by  Mr.  Thomson,  who  (like  Dr.  J.  A.  R.  Hunter-Selkirk, 
^f  Braid  wood),  having  a  small  water-power  at  hand,  applied  it  to 
cutting  and  slicing  of  thousands  of  Carboniferous  fossiLs.  To  the 
polished  surfaces  of  the  corals,  Mr.  Thomson  probably  applied  such 
a  solvent  as  removed  the  matrix,  but  left  the  organic  tissue  of  walls 
and  septa  sufficiently  prominent  to  serve  for  impressions  and 
printings,  and  for  transference  to  copper-plates  and  lithographs. 
His  last  two  papers  on  the  Scotch  Carboniferous  Corals  in  the 
Transactions  of  the  Geological  Society  of  Glasgow  (vol.  xi,  pt  1, 
1897)  are  especially  illustrated  by  this  process. 

Mr.  Thomson  had  a  good  general  knowledge  of  geology,  and  his 
natural  acumen  in  that  research  was  shown  in  his  account  of  the 
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Campbeltown  distriofc  in  Oantire  in  1867;  in  his  "G^logy  of  Islay/*^ 
pablished  in  1877 ;  and  in  his  paper  on  the  Gkology  of  Arran,  read 
in  1875.  The  last-named,  whioh  had  to  withstand  mach  criticism^ 
was  ultimately  printed  in  1897  (Trans.  GfeoL  Soa  Glasgow,  vol.  xi). 
His  geologic6U  knowledge  was  acquired  by  assiduous  application,  and 
supported  by  a  clear-sighted  persistence  in  his  own  views,  as  shown 
by  his  paper  on  Arran.  His  characteristic  intenseness  and  earnest- 
ness of  purpose  are  traceable  from  an  early  date. 

Bom  at  Kilmarnock,  the  twelfth  child  of  poor  parents,  his  life 
of  hard  work  began  early.  Before  he  was  seven  years  old  he  insisted 
on  seeking  work  in  order  to  help  his  parents.  At  last,  with  some 
knowledge  of  carpet-weaving,  he  got  employment  in  Glasgow. 
Here,  as  a  youth,  his  intense  earnestness  to  learn  something  of 
geology  is  stated  to  have  made  him  listen  at  a  keyhole  to  a  lectura 
on  Coal  in  very  cold  weather.  In  his  progress  in  life  he  became^ 
a  commercial  traveller ;  and  in  this  business  he  continued  until  over 
seventy  years  of  age. 

Any  leisure  time  that  occurred  he  always  devoted  to  his  studies ; 
gathering  personal  knowledge  of  natuntl  history  and  geological 
facts  during  his  long  wanderings  over  the  British  IslandiB,  and  in 
some  parts  of  the  Continent;  collecting  fossils  and  getting  them 
named  by  experts  in  museums,  and  wherever  possible.  In  1884  he 
went  to  Canada  with  the  British  Association ;  and  in  North  America 
widened  his  experiences  in  the  mineral  and  metalliferous  districts  of 
Idaho.    (Trans.  Geol.  Soc.  Glasgow,  1884.) 

Mr.  Thomson  had  long  known  the  value  of  well  -  arranged 
collections  and  of  really  classified  natural  -  history  objects  to 
students;  and  he  had  made  up  his  mind  that,  when  he  should 
have  got  sufficient  means  to  guarantee  a  small  competence,  he  would 
hand  over  his  museum  to  his  native  town. 

He  knew  the  personal  pleasure  of  adding  treasure  to  treasure 
to  a  growing  collection,  if  really  valued  in  view  of  the  ultimate 
recognition  and  explanation  of  the  endless  phenomena  in  nature, 
and  thus  often  pointing  to  facts  and  notions  of  either  material  or 
philosophical  value  to  his  fellow-man.  With  this  view,  Mr.  Thomson 
liberally  gave  his  great  collection  to  Kilmarnock  ;  and  Mr.  James 
Dick  has  munifioendy  provided  for  its  proper  housing  in  the  Library 
and  Museum  Buildings  at  Elmbank. 

Mr.  James  Thomson  was  an  old  member  of  the  Gla<«gow 
(Geological  Society,  and  was  an  honorary  fellow  of  societies  at  Jena 
and  Liege.  In  1868  he  was  elected  a  fellow  of  the  Geological 
Society  of  London.  On  February  9,  1899,  he  was  presented  with 
the  Freedom  of  the  Burgh  of  Kilmarnock;  but  not  being  well 
in  health,  he  was  represented  by  his  son.  Dr.  Gemmell  Thomson, 
of  Ayr. 

Thus,  another  of  the  fine  old  stalwart,  self-educated,  and  strong- 
wiUed  North-men  has  passed  away ;  rough  and  hard  in  some  aspects, 
but  good-hearted,  and  ambitious  to  be  in  the  front  with  those  that 
know  and  help  others  to  know.  James  Thomson's  death  leaves 
a  gap  among  scientists  to  be  filled  up  by  some  earnest  student  in  th& 
present  generation.  T.  B.  J. 
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I. — RSSTOBATION    OF    StTLONURUS   LaCOANUS,    A   OlAKT    AbTHBOPOD 

FBOM  THE  UpPBB  DsYONIAN  OF  THB  TTnITBD  StATBS.^ 

By  Piofeseor  Chaklbs  £.  Bbbchsr,  Ph.D.,  of  Tale  Uniyenity,  New  Haren,  U.S.A. 

(PLATE  XVIII.) 

IN  the  animal  kingdom  the  attribute  of  bigness  has  oome  to  be 
regarded  as  one  of  the  prerogatives  of  the  vertebrates.  On  this 
aooonnt,  invertebrates  seldom  reoeive  oredit  for  having  a  size  of 
more  than  a  fraction  of  a  oabit,  and  are  looked  upon  as  objects  to  be 
held  in  the  hand  or  viewed  under  a  lens.  As  a  matter  of  common 
experience,  and  probably  also  of  congratulation,  large  invertebrates 
are  rare,  and  some  whole  classes  cannot  furnish  a  single  individual 
measuring  more  than  a  few  inches  in  greatest  diameter. 

In  a  list  of  arthropod  giants  the  subject  of  the  present  note  must 
be  included,  and  will  take  equal  rank  with  the  Giant  Spider^Orab 
of  Japan  (Maeroeheira  Kaempferi)  and  the  great '  Seraphim '  of  the 
Scotch  quarrymen  {Plerygolus  anglieu$).  The  former  can  safely 
claim  to  be  the  largest  representative  of  the  Braohyurans  that  has 
ever  existed,  and  to  the  latter  may  be  accorded  the  same  distinction 
among  the  Merostomes. 

The  living  species  of  the  Merostomata  comprise  only  the  American 
and  Moluccan  Horse-shoe  Orabs,  lAmulua  polyphemus  and  L.  moJiM- 
coHUB.  The  latter  sometimes  attains  a  length  of  three  feet  and 
measures  eighteen  inches  across  the  carapace.  To  find  other  speoies 
in  this  order  worthy  of  comparison  with  the  huge  Brachyuran  of 
Japan  it  is  necessary  to  go  back  to  the  Paladozoic  forms,  and  among 
these  the  larger  species  of  PterygoUta  and  the  SiyUmwuB  here  noticed 
fill  all  the  requirements.  It  should  be  borne  in  mind,  however,  that 
these  statements  are  based  upon  comparative  lengths  and  breadtibs. 
If  bulk  alone  were  considered,  the  common  lobster  (Homarua 
amerioanm  and  H.  vulgaris)  should  be  mentioned,  though  in  length 
and  extent  of  limbs  it  would  be  considerably  smaller. 

Concerning  the  size  of  the  Scotch  *  Seraphim,'  Dr.  H.  Woodward  ' 
states  that  ''From  our  present  knowledge  of  the  almost  perfect 

1  Reprinted  from  the  American  Jonmal  of  Science,  toL  z,  Augnat,  1900, 
pp.  145-160. 

'  H.  Woodward,  '<  A  Monograph  of  the  British  Foasil  Crustacean  belonging  to 
the  Order  Merostomata,"  pt.  i,  1866;  pt  iv,  1872,  pp.  1-264,  pig.  i-xxxvi: 
Palaeontographical  Society,  rd.  zix. 
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remains  of  Pterygotus  anglieu$,  and  on  the  evidence  of  the  numerous 
detached  portions  of  this  extinct  genus,  we  are  justified  in  concluding 
that  it  attained  a  length  of  six  feet  and  a  breadth  of  nearly  two  feet 
at  the  widest  part  of  its  body."  This  huge  Merostome  has  been 
found  in  the  Lower  Old  Bed  Sandstone  of  Scotland,  at  a  horizon 
nearly  equivalent  to  the  one  furnishing  the  remains  of  Slylonurus  in 
America.  Thus  what  seem  to  be  the  two  largest  species  of  this  class 
were  contemporaries,  though  not  associates. 

HtBtorteaL 

The  first  specimen  found  in  America  that  can  be  referred  to  the 
genus  Stylonwrui  was  collected  by  the  writer  about  1870,  and  loaned 
to  Professor  James  Hall.  It  remained  in  his  hands  unnoticed  until 
1884,  when  he  described  it  as  Eurypterm  Beeeheri.^    The  specimen 

S reserves  the  abdomen  and  portions  of  two  of  the  large  posterior 
mbs.     No  species  of  Eurypterua  known  possessed  such  greatly 
*     I  elongated  limb  joints,  and  there  seems  to  be  no  good  reason  for  not 
^^/.referring  it  to  Stylanurus,  in  which  th|gli  is  a  normal  character.    The 
'    I  specimen  of  Stylanurus  Beecheri  is  uncompressed,  and  apparently 
retains  the  proportions  of  form  and  convexity  as  in  life.     On  this 
account  it  was  of  considerable  importance  in  the  restoration  of  the 
larger  species. 

In  1882  Hall  was  furnished  with  a  plaster  cast  of  the  carapace  of 
a  large  arthropod  by  Dr.  Cook,  then  State  G^logist  of  New  Jersey. 
The  original  specimen  was  from  the  Oatskill  group  at  Andes, 
Delaware  County,  New  York,  and  had  been  sent  to  the  museum 
at  Butgers  College,  New  Brunswick,  New  Jersey.  Professor  D.  S. 
Martin'  made  the  first  reference  to  this  species  in  some  remarks 
on  "A  New  Euiypterid  from  the  Catskill  Group,"  before  the  New 
York  Academy  of  Sciences,  October  16,  1882,  an  abstract  of  this 
note  appearing  in  the  transactions  of  the  same  society  some  time 
after  June,  1883.  In  this  abstract  the  species  is  neither  described 
nor  figured,  and  Hall  is  not  mentioned  in  any  connection.  Martin 
states  that  he  saw  the  specimen  (=  cast  sent  to  Hall)  in  the  State 
Museum  at  Albany,  and  it  bore  the  name  Stylomurm  exceUior 
(evidently  a  misprint  for  Stylonwrus), 

The  next  reference  to  this  form  in  point  of  time  and  the  first 
publication  of  a  generic  and  specific  name,  accompanied  with 
a  description  and  accurate  illustration,  was  given  by  E.  W.  Olaypole,' 
in  a  paper  read  before  the  American  Philosophical  Society,  Sept  21, 
1883,  under  the  title  **  Note  on  a  large  Crustacean  from  the  Catskill 
Group  of  Pennsylvania."  It  is  stated  on  the  signature  containing 
this  paper  that  it  was  printed  Nov*  2, 1883.    Claypole's  description 

1  J.  HaU,  "Note  on  the  Eurypteridse  of  the  DeTonian  and  Carboniferoni 
Formations  of  Pennsylyania" :  Seoond  Geol.  Suit.  Penn.,  PPP,  1884. 

»  D.  S.  Martin,  "A  New  Eurypterid  from  the  Catskill  Group":  Trans.  N.Y. 
Acad.  Set.,  vol.  xi  (1882-1883). 

•  E.  W.  Claypole,  "  Note  on  a  large  Crustacean  from  the  Catskill  Group  of 
Pennsylvania*' :  Proc  Amer.  Phil.  8oc.,  vol.  ixi,  April,  1888,  to  January,  1884. . 
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was  based  upon  a  second  specimen  found  in  Wyoming  County, 
Pennsylvania,  which  preserves  about  three-fourths  of  the  cephalo* 
thorax,  and  belonged  to  the  collection  of  B.  D.  Lacoe,  of  Pittston. 
This  was  given  the  name  Dolichocephala  Lacoana,  and  rightly 
classified  with  the  Merostomata.  It  therefore  appears  that,  up  to 
this  time,  the  name  Stylonurus  excelsior  was  simply  nomen  nudum, 
and  as  such  cannot  be  recognized  as  valid. 

In  1884  Hall  ^  published  his  description  and  figure  of  the  New 
York  specimen  in  the  thirty-sixth  Annual  Beport  of  the  New  York 
State  Museum,  in  a  paper  entitled  "Description  of  a  New  Species 
of  StylonuruB  from  the  Catskill  Group."  ^  It  is  here  that  the  New 
York  specimen  was  first  figured  and  a  description  given,  and  the 
date  of  publication  of  this  paper  is  the  one  to  be  considered  in 
deciding  the  claims  of  Slylonurm  excelsior  as  Hall's  species. 

At  the  Philadelphia  meeting  of  the  American  Association  for 
the  Advancement  of  Science,  September,  1884  (Proc.  A.  A.  A.  S., 
vol.  xxxiii,  published  1885),  Hall'  presented  a  note  on  Slylonurue 
exeeUior,  merely  referring  to  its  occurrence,  and  citing  Martin's 
abstract  with  page  and  month  of  publication.  This  citation  is 
repeated  by  Hall  in  each  of  his  notices  of  this  species,  for  only  by 
thus  establishing  the  species  could  he  have  any  claim  to  priority. 
As  already  mentioned,  Martin's  paper  does  not  attempt  any  descrip- 
tion of  this  form,  and  Hall  is  not  mentioned.  Hall  further  says :  "  The 
carapace  is  described  and  figured  in  the  36th  Beport  of  the  N.Y. 
State  Museum  of  Natural  History,"  without  reference  to  plate,  page, 
or  year,  and  it  is  therefore  quite  possible  that  this  description  was 
not  published  until  after  the  meeting  of  the  Association.  In  any 
case,  it  appeared  some  months  later  than  Olaypole's  paper,  and  the 
name  Dolichocephala  Zacoana  has  priority  over  Stylonurus  excelsior, 
and  must  be  recognized. 

Olaypole  failed  to  point  out  the  affinities  of  this  form  with 
StylonuruSf  and  proposed  a  new  generic  term  for  his  species. 
Although  there  are  differences  that  may  prove  of  generic  value 
when  more  complete  specimens  of  the  American  species  have  been 
studied,  yet  at  the  present  time  there  seem  to  be  no  strong  reasons 
why  the  specimen  in  question  should  not  be  considered  as  belonging 
to  Stylonurus,  and  it  is  upon  this  ground  that  the  present  restoration 
is  attempted. 

Material  avaUahle  for  a  Bestoration. 

Bestorations  of  extinct  organisms  are  largely  exhibits  of  mental 
architecture,  based  upon  the  personal  interpretation  of  a  certain 

^  J.  Hall,  « Description  of  a  New  Species  of  StyUmurua  from  the  Catskill 
Group" :  Thirty-sixth  Ann.  Kep.  N.Y.  State  Mns.  Nat.  Hist.,  1884. 

2  J.  Hall  &  J.  M.  Clarke,  «  Trilobites  and  other  Crustacea  of  the  Oriskanv, 
Tipper  Helderberg,  Hamilton,  Portage,  Chemung,  and  Catskill  (Groups":  Geol. 
Surv.  of  the  State  of  New  York,  Paleontology,  vol.  Til  (1888). 

'  J.  Hall,  *'  Note  on  the  £urypteridsB  of  the  Beyonian  and  Carboniferous 
Pormations  of  PennsYlvania,  with  a  supplementary  note  on  Stylonurus  excelsior**: 
Proc.  Am.  Assoc.  Adv.  Sci.,  vol.  xxxiii  (1885),  Philadelphia  Meeting  (held 
.September,  1884). 
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nnmber  of  real  things.  Some  statement,  therefore,  should  be  given 
of  the  character  and  amount  of  the  material  that  has  been  collated  to 
famish  a  restoration  of  Slylonurus  Lacoanus. 

(1)  The  specimen  of  the  cephalothorax  described  by  Hall  shows 
the  complete  ontline  and  upper  surface  of  this  part,  and  a  cast  from 
the  original  was  taken  to  represent  this  portion  in  the  restoration. 
(2)  The  type  of  8.  Lacoanus,  Clajpole,  includes  a  large  part  of  the 
cephalothorax  of  an  individual  nearly  the  same  in  size  as  the 
preceding.  (8)  Dr.  J.  M.  Clarke  discovered  that  this  specimen  also 
preserved  considerable  evidence  as  to  the  nature  of  the  appendages, 
and  he  succeeded  in  developing  what  appear  to  be  Uie  chelate 
antennsB,  the  first  pair  of  gnathopods,  and  the  mandibular  bases  of 
at  least  three  others.  (4)  The  length  and  number  of  joints  in  the 
limbs  are  taken  from  the  English  species  8,  Logani  and  8.  Powriei, 
of  which  quite  complete,  though  smaller,  individuals  have  been 
described  by  Woodward.^  (5)  The  outline  and  proportions  of  the 
abdomen  follow  closely  those  of  the  English  forms  and  of  8.  JBeeeheri, 
the  latter  giving  the  natural  convexity.  (6)  A  portion  of  a  large 
abdominal  segment  found  by  the  writer  in  the  Cfhemung  group  at 
Warren,  Pennsylvania,  and  apparently  belonging  to  a  nearly  related 
species,  has  an  ornamentation  closely  approaching  that  on  the 
cephalothorax  of  the  type,  and  was  used  to  elaborate  the  sculpture 
over  the  abdomen  of  tiie  restoration.  (7)  The  form  and  character 
of  the  telson  spine  correspond  to  8.  Logani  and  also  to  some  large 
fragments  found  by  F.  A.  Bandall  at  Warren  and  Ackley,  Penn- 
sylvania, in  the  Chemung  group,  and  probably  belonging  with  the 
abdominal  somite  already  mentioned. 

With  the  data  furnished  by  the  foregoing  material,  the  restoration 
was  undertaken.  The  first  model  in  relief  was  constructed  in  clay, 
and  from  it  a  plaster  mould  was  taken.  A  number  of  casts  have  been 
made  since,  and  a  photograph  of  one  of  them  is  represented  in  the 
accompanying  plate  (Plate  XVIII). 

In  this  connection,  it  may  be  suggested  that  the  type-specimen  of 
Siylonums  (?)  {Mhinocaris  ?)  Wrightianus  (Dawson,  sp.)  represents 
two  proximal  joints  of  one  of  the  large  crawling  feet  of  a  form 
related  to  8iylonurus,  and  not  two  somites  of  the  abdomen  as 
indicated  by  HalL*  Any  reference  is  at  present  somewhat  uncertain, 
owing  to  lack  of  positive  knowledge,  and  the  fact  that  the  specimen 
in  question  was  first  described  as  a  plant  {EquiseUdes*),  then  referred 
to  the  Phyllocarida  (Eehinocaris%  and  lastly  appeared  as  a  possible 
Herostome,  shows  how  this  form  may  be  interpreted  by  different 
observers.    No  one  can  doubt  its  arthropod  nature,  on  account  of 

*  Loc.  cit. 

»  J.  Hall:  Note  to  expknation  of  plate  xv  of  paper  on  Geology  of  Yates 
Coonty,  N.T.,  by  B.  H.  Wright:  Thirty-fifth  Ann.  Eep.  N.T.  State  Mna.  Nat. 
Hist.,  published  1884. 

»  J.  W.  Dawson,  "Notes  on  New  Brian  (Devonian)  Plants'':  Quart.  Journ. 
Geol.  Soc.  London,  vol.  xxxvii  (1881). 

♦  T.  R.  Jones  &  H.  Woodward,  "Notes  on  Phyllopodiform  Crustaceans,  referable 
to  the  Genus  £ehinoeari8f  from  the  Palseozoic  Rocks  "  :  Gbol.  Mao.,  n.s.,  Dec.  Ill, 
Vol.  I,  September,  1884. 
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the  oharaoteriBtio  sarfaoe  markings.  Its  elliptioal  or  ovoid  section 
without  any  flattening  of  the  epimera,  the  very  oonsiderable  over- 
lapping of  the  joints,  and  the  oonfigunition  of  the  satnre,  are  more 
strongly  indicative  of  the  nature  and  requirements  of  a  limb  than  of 
abdominal  segments. 

The  Belirf  Model 

In  this  restoration  the  animal  is  represented  as  lying  on  a  slab> 
with  the  entire  dorsal  surface  exposed.  The  oephalothorax  has  i^i 
axial  length  of  25  cm.  and  a  width  of  22  cm. 

The  chelate  antennas  were  doubtless  carried  in  a  folded  position, 
as  in  most  related  genera,  and  seldom  were  visible  from  the  dorsal 
side.  They  are,  therefore,  not  shown.  The  three  pairs  of  short 
gnathopods,  serving  partly  as  swimming  organs,  are  seen  extending 
outward  from  the  antero-lateral  margins  of  the  oephalothorax* 
Several  of  their  distal  joints  are  each  provided  with  a  pair  of  flat, 
ridged,  spinous  processes,  and  a  similar  spine  at  the  termination  of 
the  limb. 

The  two  pairs  of  great  crawling  feet  extend  outward  and  backward 
from  the  postero-lateral  margins  of  the  oephalothorax.  The  anterior 
pair  expose  109  cm.  of  length,  and  the  posteror  pair  about  108  cm. 
The  elements  of  the  limbs  are  represented  as  grooved,  as  tibis 
character  seems  necessary  to  give  the  needed  strength  to  long 
slender  joints,  and  also  because  a  similar  conformation  is  present 
in  S.  Beeeheri. 

The  abdomen  measures  30  cm.  in  greatest  width  at  the  fifth 
segment,  and  66  cm.  in  length  exclusive  of  the  telson.  The  posterior 
abdominal  segments  are  represented  without  detachable  epimera,  as 
this  feature  is  not  as  yet  known  to  be  constant  for  the  genus,  although 
present  in  some  species. 

The  telson  spine  agrees  proportionally  in  length  with  the  same 
member  in  8,  Logani  and  S,  Fowriei  as  descried  by  Woodward,^ 
and  was  given  a  slight  upward  curvature  as  in  Zimtdus.  It 
measures  54  cm.  in  length  and  7*5  cm.  across  at  the  proximal  end. 

Altogether  the  animtd  as  restored  has  a  length  of  nearly  five  feet 
^147  cm.),  and  with  the  legs  extended  it  would  measure  about  eight  feet 
(242  cm.)  across. 

It  is  not  intended  to  claim  any  high  degree  of  accuracy  for  this 
restoration,  but  merely  to  represent  in  some  graphic  form  an  animal 
approximating  in  size  and  character  an  individual  of  the  species 
8iylonuru8  Lacoanus.  Its  size  alone  was  the  chief  incentive  for 
attempting  a  reconstruction,  and  some  sacrifice  of  exact  detail  may 
well  be  allowed  in  order  to  make  any  presentation  of  this  magnificent 
arthropod. 

>  Loc.  cit.  •  i"    -  ^'  * ' ' 

r  *» 
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n. — Os  HrpE&ODAPSDOir  Qordonl 
By  Prof.  Rudolf  Bukckhabdt,  Ph.D.,  of  the  Uniyeraity  of  Basel,  Switzerkiid. 

(PLATE  XIX.) 

THE  fossil  to  be  discussed  in  the  present  memoir  is  the  specimen 
which  formed  part  of .  the  classical  material  used  in  the 
dusoussion  which  was  carried  on  amongst  British  geologists  during 
the  second  half  of  the  present  century.  So  important  a  controvengy 
could  hardly  be  jrestricted  to  the  geographical  limits  of  England 
alone. 

In  the  question  of  the  age  of  the  Elgin  Sandstones,  considered 
by  Sir  Boderick  Murchison  to  be  PalaBozoio,  it  was  Huxley  who 
pronounced  upon  it  finally,^  after  the  discovery  of  and  in  his 
subsequent  description  of  Hyperodapedon?  His  decision  in  this 
geological  controversy  was  given  on  the  evidence  derived  from  a  far 
less  perfect  specimen  than  the  one  represented  on  Plate  XIX.  It 
also  supplied  Huxley  with  an  opportunity  for  speculations  concerning 
the  affinities  of  the  animal  with  Sphenodon,  from  New  Zealand, 
a  reptile  which  Dr.  GUnther  had  just  then  presented  in  all  its 
scientific  aspects.  On  the  other  hand,  these  speculations  carried 
Huxley  far  out  upon  an  ocean  of  geographical  as  well  as  of 
geological  hypotheses. 

A  second  specimen,  which  was  obtained  much  later,  afforded 
Huxley  a  welcome  opportunity  to  supplement  his  earlier  description 
of  Hyperodapedon  as  regards  its  most  prominent  differences  from 
Sphenodon,  the  d^ils  of  its  skull  and  diverse  other  anatomical 
points  of  no  less  importance.  The  motives  which  have  impelled 
me  to  undertake  a  re-examination  of  the  subject  may  appear  scarcely 
obvious  and  require  some  explanation. 

During  the  perusal  of  the  literature  relating  to  the  Khynchocepha- 
.  lians  I  was  confronted  very  frequently  by  differences,  essentially 
anatomical  in  character,  tending  to  a  separation  of  the  Bhyncho- 
sauridsB  from  the  Sphenodontidae.  In  the  first  place  I  was  unable^ 
to  assign  any  valid  reason  for  a  closer  relationship  existing  between 
them,  whilst,  on  the  other  hand,  the  Bhynchosaurians  appeared  to- 
me to  possess  characters  important  enough  to  justify  the  conclusion 
of  a  complete  connection  between  Ghelonians  and  the  remaining 
TheromorphsB.  Further  investigation  into  the  literature  of  the 
subject  and  the  material  available  disclosed  so  many  enigmas,  that 
I  at  last  decided  to  visit  London  and  obtain  permission  to  study  the^ 
original  specimens  in  the  Natural  History  Section  of  the  Britbb 
Museum. 

According  to  Huxley's  illustration  of  the  skull  I  expected  the 
original  object  to  be  only  a  cast  of  the  coarsest  description,  but  in 
this  I  was  speedily  undeceived  after  a  personal  inspection,  and  to- 
my  great  delight  I  perceived  that  I  had  one  of  the  choicest  of 
originals  before  me  which  grace  the  grand  collection  of  fossil  reptilea 
in  the  British  Museum. 

^  Quart.  Jonrn.  Oeol.  Soc.,  1869,  toI.  xt,  p.  460. 

»  Op.  cit.,  1887,  vol.  xliii,  pp.  676-693,  pis.  xxvi-xxriL 
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I  very  much  doabt  whether  it  would  have  been  possible  to  comply 
with  my  request  in  a  more  generous  manner  than  was  done  by  the 
respected  Keeper  of  the  Geological  Department  of  the  British 
Museum,  Dr.  Henry  Woodward,  F.K.S.,  to  whom,  as  to  Drs. 
A.  Smith  Woodward  and  0.  W.  Andrews,  of  the  same  Department, 
and  to  Mr.  G.  A.  Bouleuger,  F.B.S.,  of  the  Zoological  Department, 
it  gives  me  the  utmost  pleasure  to  tender  my  heartiest  thanks  for 
their  ever  ready  assistance  and  advice. 

As  might  be  supposed,  a  re-preparation  of  such  a  valuable  original 
object  was  totally  out  of  the  question,  though  I  have  no  doubt  that,  if 
performed  with  the  necessary  care,  many  minute  anatomical  details 
would  be  brought  to  light 

In  my  drawings,  therefore,  I  filled  in  with  black  all  those  parts 
which  were  left  untouched  by  the  chisel  like  the  rest  of  the  matrix 
of  the  stone.  The  artist  employed  on  Huxley's  sketch  has  failed  to 
convey  any  precise  information  as  to  which  is  stone  and  which  is 
bone,  and  has  produced  as  structures  shapes  which  only  existed  in 
the  imagination  of  the  mason  as  having  belonged  to  the  skull  itself. 

In  my  drawing  of  the  skeleton  in  situ  1  have  carefully  confined 
myself  to  a  representation  of  the  exposed  portions  of  the  actual 
bones,  thus  avoiding  the  risk  of  reproducing  anything  foreign  to  it 
on  the  face  of  the  stone.  This  ought  to  remove  all  doubts  that  may 
exist  as  regards  serious  mistakes,  especially  where  parts  are  con- 
cerned which  are  of  importance. 

An  ordinary  photographic  reproduction  of  the  fossil  would  not 
have  been  a  great  gain  for  the  student,  as  the  observer  would  have 
been  under  the  necessity  of  making  out  the  details  of  the  actual 
fossil  for  himself,  not  to  mention  the  disturbing  effect  of  countless 
ochre  spots  which  are  distributed  all  over  the  surface  of  the  matrix. 

Plate  XIX  is  a  photographic  reproduction  of  the  entire  skeleton, 
reduced  to  i  of  its  natural  size,  from  the  original  in  the  British 
Museum.  With  the  exception  of  the  distal  part  of  the  left  limb, 
which  is  better  preserved  on  the  counterpart,  no  other  portions  of 
the  skeleton  are  seen  on  that  slab.  I  therefore  have  transferred  it 
from  that  side  on  to  the  plate  also,  as  otherwise  I  should  have  had 
to  dispense  with  its  reproduction  altogether.  This  plan,  moreover, 
had  the  advantage  of  completing  the  representation  of  the  skeleton 
in  one  view. 

It  should  also  be  pointed  out  here  that  in  consequence  of  having 
had  recourse  to  photographs,  the  lower  part  of  the  leg,  and  the  foot, 
are  diminished  in  size  by  i  on  account  of  the  focal  distance  from 
the  main  portions  of  the  skeleton,  which  further  tends  to  increase 
the  disparity  already  existing  between  the  two  extremities. 

For  a  general  description  of  the  skeleton  I  would  refer  the  reader 
to  Huxley's  memoir  (see  Quart.  Journ.  GeoL  Soc.,  1887,  vol.  xliii, 
pp.  675-693,  pis.  xxvi  and  xxvii,  and  8  text-figures).  To  this 
1  am  obliged  to  add  merely  that  I  feel  by  no  means  sure  of  his 
statement  that  the  prsdsacral  portion  of  the  vertebral  column 
terminates  with  the  2drd  vertebra,  or  even  with  the  22nd;  but 
of  this  I  feel  confident,  that  there  are  not  twenty-four  vertebn»,  as 
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asserted  by  that  anthor,  who  also  gives  the  number  in  8phenod(m  as 
twenty-five.  Apart  from  this,  the  entire  pelvio  region  appears  to 
me  to  be  scarcely  well  enough  preserved  to  positively  assign  to  it 
two  sacral  vertebrsd. 

Whether  the  above  inference  was  possible  from  the  first  spemmen 
at  Huxley's  disposal,  or  not,  I  do  not  know,  as  he  does  not  express 
himself  on  this  point  in  his  first  description  of  this  portion  of  the 
skeleton  of  Hyperodapedon  in  Quart  Joum.  GkoL  Soa,  1859,  voL  xv, 
p.  460.  From  analogy  in  Sphmodan^  Huxley  has  estimated  the 
length  of  its  tail  to  l^  about  110  mm.,  though  no  reliable  data  are 
obtainable  from  the  fossil  itself.  I  would  al^  wish  to  remark  here 
that  the  sacral  vertebras  are  only  f  the  length  of  the  hindmost 
thoracic  vertebro,  and  from  this  fact  alone  it  may  be  seen  that 
Huxley's  computation  of  the  length  of  the  tail  appears  to  be  an 
over-estimate. 

Of  the  remaining  portions,  the  shoulder  -  girdle  alone  calls  for 
some  remarks  here.  The  position  assigned  by  Huxley  to  the  inter- 
clavicle  is  the  correct  one,  but  there  is  an  error  as  regards  the 
spatulate  shape  of  its  posterior  mai^n  which  requires  m<^ification. 
Posteriorly  the  epistemum  terminates  in  quill  -  like  processes, 
separated  from  each  other  by  a  deep  incision,  as  is  the  case  in  a  great 
number  of  Laoertilians.  Besides  this,  but  noticeable  only  on  the 
right  side,  its  clavicular  margin  bifurcates  into  two  pointed  pro- 
jections, as  in  Bhyncho$auru$.  The  bone  which  Huxley  designated 
the  coracoid  is  really  composed  of  two  parts,  the  coraooid  and  the 
pradooracoid. 

The  most  important  part  of  this  fossil  is  its  skull,  and  it  is  here 
principally  that  I  dissent  from  Huxley's  interpretations.  I  therefore 
felt  compelled  to  refigure  and  re-describe  it,  a  proceeding  to  which 
I  shall  add  also  those  inferences  which  I  have  been  enabled  to  draw 
from  other  fragmentary  specimens  deposited  in  the  British  Museum 
(Natural  History). 

The  general  topography  of  the  skull  has  been  admirably  rendered 
by  Huxley.  As  a  further  adjunct  to  his  admission  that,  although 
Byperodapedan  was  essentially  terrestrial  in  habits,  yet  it  had  at  ^e 
same  time  a  predilection  for  leading  an  aquatic  life,  may  be  mentioned 
the  anomalous  position  of  the  orbits,  which  are  so  strangely  directed 
upward  and  situated  forward  as  to  deserve  to  be  specially  pointed 
out  here. 

The  first  attempt  towards  a  mote  precise  knowledge  of  the  com- 
ponent parts  of  the  skull  than  that  by  Huxley  was  by  Dr.  A.  Smith 
Woodward,  who  partly  traced  the  boundaries  of  Uie  nasals,  the 
postorbitals,  the  jugular  and  other  bones.  It  has  been  a  great 
satisfaction  to  me,  as  the  result  of  my  endeavours  to  make  out  the 
sutures,  to  find  myself  so  entirely  in  accord  with  Dr.  Smith  Woodward, 
without  any  deviations  whatever,  the  more  so  as  I  did  not  consult 
his  sketch  at  the  time.  Numerous  fresh  details  having  come  to 
light,  during  a  more  protracted  study  of  the  fossil,  a  fresh  illustra- 
tion of  the  skull  cannot  be  dispensed  with  under  the  ciroumstanoes. 
I  have  therefore  executed  the  accompanying  drawings  from  photo- 
graphs taken  by  myself. 
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In  these  figures  I  have  also  blackened  those  parts  of  the  matrix 
which  have  not  yet  been  laid  bare,  in  order  to  avoid  any  misconcep- 
tions arbing  from  the  supposed  shape  of  the  most  important  parts 
of  the  slab. 


OntlineB  of  the  sVull  of  Hyperodap$don  Oordoni,  dorsal  {D)  and  Tentral  (F) 
aspects,  from  photographs  and  drawings  by  the  author.  One-half  nat.  size* 
A.  atlas  ;    Art.  articular  ;    Fr,  frontal  ;    JTy.  hyoid ;    Ju,  Jngal ;    La, 

lasal ;   A.  pari< 


lachrymal ;  Md.  mandibular  ;  Mx.  maxillary  ;   Na.  nasal . 
Tal.  palatal ;    linx.  premaidllary  ;    F&rb.  poetorbital ;    iV-  poelfrontal 
Frf.  pnefrontal ;  FtpL  prsesplenial ;  Qu.  quadratum  ;   QT.  qui^tojugfd  , 
Sa,  supra-angular ;    So,  supraoocipital ;   Sp.  snlenial ;    Fo,  vomer.     The 
cross  shows  the  centrum  of  crushing,  which  disoraered  the  surrounding  bones. 
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The  general  impression  which  these  figares  oonyey  is  that,  even 
on  a  more  complete  development  of  the  skull  than  has  already  been 
executed,  the  dorsal  side,  at  any  rate,  would  not  present  Yerj 
massive  proportions.  Tet,  the  surfaces  of  the  bones  themselves 
are  of  a  very  hard  and  dense  structure,  and  are  possessed  of  ridges 
and  protuberanoes  which  leave  no  doubt  as  to  their  homogeneity 
with  the  respective  bones,  even  where  their  sutures  are  more 
indistinct.  These  anatomical  characters  are  especially  well  defined 
on  the  ^axillary  and  the  jugular. 

The  sutures  form  slightly  serpentine  lines,  except  between  the 
parietal  and  the  praefrontal,  where  they  are  serrated.  The  prao- 
maxillaries,  which  enclose  the  nasal  cavity,  as  mentioned  elsewhere, 
terminate  caudally  in  blunted  points,  which  are  broken  off,  but  the 
original  form  of  which  is  preserved  still  as  an  imprinton  the  prtefrontaL 
The  margin  of  the  nasal  impinges  somewhat  on  the  median  contoura 
of  the  pr»maxillaries,  apparently  to  lend  them  additional  strength, 
and  to  prevent  their  breaking  out  easily.  Laterally  they  are  held  in 
position  similarly,  by  a  coarsely  indented  margin  of  the  maxillary. 

The  limits  of  the  lachrymals  are  more  difficult  of  determination ; 
firstly,  because  their  ventral  sides  are  embedded  in  the  stone, 
and  secondly,  because  their  dorsal  surfaces  are  damaged.  Their 
existence,  however,  cannot  well  be  doubted,  if  we  may  judge  from 
analogy  in  Bhynchosaurus,  where  they  are  most  clearly  defined. 

I  fully  concur  with  Dr.  Smith  Woodward  in  his  determination  of 
the  middle  of  the  cranium,  although  the  lateral  margin  of  the 
prsefrontal  appears  to  me  to  be  clearly  enough  circumscribed. 

Features  actually  new  as  to  their  interpretation  appear  again  only 
behind  the  orbit,  where  the  postorbital  is  conspicuous  both  by  its 
shape,  its  position,  and  by  being  entirely  excluded  from  participation 
in  the  orbital  foramen.  It  forms  the  whole  of  the  anterior  portion, 
and  part  of  the  lateral  contour  of  the  temporal  fossa.  Its  posterior 
end  is  unfortunately  broken  off,  but  no  doubt  can  be  entertained 
as  regards  its  original  shape,  from  the  evidence  supplied  by  the 
surface  of  its  underlying  squamosal,  on  which  the  outlines  of  its 
margin  can  be  identified  distinctly. 

The  squamosal  itself  is  in  a  very  imperfect  state  of  preservation. 
It  is  connected  with  the  prssorbital,  and  participates  in  the  formation 
of  the  supratemporal  foramen;  a  ramus  of  the  quadrato-jugular 
ascends  to  the  latter,  on  the  outer  side  of  the  squamosal.  The 
squamosal  is  represented  in  its  greater  part  only  by  the  mould  which 
it  has  left  in  the  stone.  It  is  quite  probable  that  a  posterior  temporal 
fossa  was  formed  by  the  squamosal  and  a  branch  of  the  quadrate 
bone,  but  on  this  point  the  information  to  be  obtained  from  literature 
is  of  too  vague  a  nature  to  allow  our  arriving  at  any  definite 
conclusions  thereon. 

The  quadrate  itself  is  a  broadish,  disk-like  bone,  deepened  in 
the  centre.  Its  complete  immobility  can  be  ascertained  from  the 
fact  that  it  is  joined  to  the  squamosal  and  the  quadrato-jugular 
by  suture.  It  could  not  have  participated  in  the  formation  of  the 
lateral  temporal  foramen ;  that  office  was  reserved  to  the  quadrato- 
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jugular  lying  in  fo)nt  of  it,  which  in  its  turn  is  connected  again, 
with  the  peculiarly  shaped  jugular.  This  latter  bone  borders  the 
anterior  portion  of  the  temporal  fossa,  and  forms,  as  far  at  least  as  it 
is  exposed,  the  base  of  its  posterior  limits.  Two  strongly  developed 
longitudinal  ridges  stretched  across  it,  of  which  the  lateral  one, 
which  is  the  shorter  of  the  two,  is  projected  towards  the  quadrato- 
jugular  by  means  of  rough  spines.  Its  normal  situation  on  the- 
skull  is  preserved  only  on  the  left  side,  from  which  it  has  been, 
figured.  Leaning  against  it  and  to  the  front  of  it,  is  the  maxillary, 
which  I  found  to  deviate  considerably  from  previous  descriptions. 
The  maxillary  is  edentulous,  and  separated  from  the  exclusively 
dentigerous  palate-bone  by  a  distinct  suture,  which  is  not  only  th» 
case  in  this  skull,  but  I  have  been  enabled  to  verify  it  in  another 
separate  fragmentary  bone  in  excellent  preservation.  Only  a  narrow 
branch  of  it  separates  the  anterior  margin  of  the  palatine  from  the 
prssmaxillanes,  without  any  indication  of  a  ridge  on  the  inner  nasal 
foramen.  Dorsad  it  interlocks  by  means  of  a  small  angle  only  with, 
the  prasmaxillary  and  the  lachrymal  bone. 

Not  more  than  three  bones  are  discernible  in  the  roof  of  the  mouth. 

The  vomers  join  each  other  along  the  median  line,  but  both  their 
anterior  as  well  as  their  posterior  margins  are  covered  in  this  case 
by  matrix.  On  tha  right  side  they  are  in  their  natural  relationship^ 
to  the  palatal  bone,  the  maxillary,  and  the  prasmaxillary.  Not  so  on 
the  left,  where  the  original  contact  has  been  disturbed  by  crushing 
in  such  a  manner  that  Huxley  was  tempted  to  suggest  the  existenco 
of  inner  nares  in  this  particular  place.  For  my  own  part  I  find 
it  most  difiScult  to  adopt  this  view,  as  I  opine  that  they  are  more 
likely  to  be  found  in  the  gap  between  the  posterior  margin  of  the 
palate-bones,  if  the  lower  jaw  could  be  separated  from  the  rest  of 
the  skull. 

The  palatine  bones  themselves  are  curved,  thinnish  plates,  with, 
their  anterior  margins  rounded  off.  Their  posterior  margins  articulate 
with  the  subciroular  pterygoids,  of  which  only  the  right  one  is  com- 
pletely preserved. 

The  mandibular  ramus  is  composed  of  several  separate  bones^ 
similar  to  many  other  reptiles.  They  do  not  articulate  on  their 
margins  by  means  of  jointed  sutures,  but  overlap  each  other  like 
flakes,  and  therefore  render  a  clear  and  precise  description  somewhat 
difficult.  No  doubt  can  prevail  about  the  mandibulars.  Their 
curved  sulci,  placed  at  a  short  distance  from  the  apices,  appear  to  me 
to  be  a  good  indication  of  the  limits  to  which  the  homy  sheaths 
come  in  close  contact  with  the  bone,  which,  however,  is  not  so  far  as< 
might  have  been  assumed  at  first  sight.  Their  posterior  margin  is 
very  indistinct,  through  injury  to  the  outer  crust  of  the  bone,  and 
can  therefore  only  be  guessed.  The  mandibulary  at  this  place  is  iu 
contact  with  two  bones,  one  of  which  I  take  to  be  the  articular,, 
from  the  fact  that  it  articulates  with  the  quadrate  bone,  whilst  the 
other,  the  supra-angular,  though  -represented  only  by  its  impression^ 
nevertheless  agrees  with  Owen's  statement  in  regard  to  the  corre- 
sponding   bone    in    Bhynehosaurus,      The  ventral  margin  of  the^ 
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inframazillarieB  is  formed  by  the  splenials.  It  is  these  latter 
-which  contribute  principally  to  the  formation  of  the  symphysis, 
at  least  externally.  Indeed,  they  are  so  strongly  united  as  to  form 
a  process  on  their  posterior  margin. 

The  angulary  is  not  preserved  here,  but  it  is  present  in  Hypenh 
-dapedon  mtnor,^  in  which  a  portion  of  the  ooronoid  bone  seems  to  be 
also  partly  preserved.  In  the  latter  species  the  position  of  the 
opercular  can  be  made  out  with  tolerable  clearness.  It  reaches  to 
-dibont  the  middle  of  the  inferior  ridge  of  the  lower  jaw. 

The  remains  of  the  hyoidal  bones  have  already  been  referred  to  by 
fiuxley. 

{To  b$  continued,) 

III. — ^A  SUMMABT  OF  CUB  PbBSBNT  KnOWLBDQB  OF  ExTIMOT 

Pbimatbs  fbom  Madaqasoab. 
By  C.  I.  F0R8TTH  Major,  M.D.,  F.Z.S. 

ALTHOUGH  the  present  summary  covers  the  same  ground 
reviewed  only  a  few  months  ago  by  the  junior  bearer  of  the 
name  which  will  always  be  gratefully  and  prominently  remembered 
in  connection  with  the  scientific  conquest  of  Madagascar,*  the 
following  lines  will  show  that,  short  as  the  interval  has  been,  the 
new  additions  are  not  unimportant. 

If  it  might  be  regretted  that  many  of  the  new  facts  are  being 
served  out,  as  it  were,  by  driblets,  this  in  most  oases  is  scarcely 
to  be  avoided,  as  many  of  the  specimens  on  which  the  evidence 
rests  are  very  fragmentary,  and  besides  dispersed  in  various 
Museums.  In  the  case  of  more  complete  materials,  the  preparation 
for  publication  requires,  for  obvious  reasons,  a  longer  time,  so  that 
the  provisional  sifting  of  the  material  may  not  be  out  of  place,  were 
it  only  to  keep  as  much  as  possible  within  reasonable  limits  the 
often  unavoidable  increase  of  synonymy. 

As  far  as  the  remains  recorded  by  M.  G.  Grandidier'  are  con- 
cerned, mention  is  made  in  the  present  notice  only  of  those  about 
which  I  have  something  new  to  say. 

L    MEGALADAPIS. 

At  the  December  meeting  of  the  Zoological  Society'  I  briefly 
noticed  under  the  name  of  Megaladapis  insignis  a  new  species  of  this 
genus,  based  on  fragments  of  the  upper  and  lower  jaw,  which 
I  have  fully  described  in  another  place.*  The  Geological  Depart- 
ment of  the  British  Museum  has  since  acquired  the  anterior  portion 
of  another  skull  of  the  san^  species,  probably  9»  which  shows  that 
in  the  adult  condition,  at  any  rate,  this  animal  was  devoid  of  upper 

^  I  wish  to  give  this  name  to  a  fragment  mentioned  by  Huxley,  Q.J.G.S.,  1869, 
p.  146,  and  specifically  different  from  ff,  Oordoni, 

*  Gnillanme  Granoidier,  **  Bva  les  L^moriens  subfossiles  de  Madagascar*': 
O.  R.  Ac.  Sd.  Paris,  28  Mai,  1900. 

*  Proc.  Zool.  80C.  London,  1899,  p.  988. 

*  **  Extinct  Mammalia  from  Madagascar.  I.  Meffmladapis  tfw^tt,  sp.n. "  : 
Phil.  Trans.  Boy.  Soc.  London,  vol.  cxciii  (1900),  p.  47. 
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inoisors.  This  is  another  agreement  with  the  recent  Malagasy 
genus  Zepidolemur,  attested  also  by  the  similarity  in  the  pattern 
of  the  molars.  The  strongly  curved  nasals  of  this  Megauadapis^ 
protrude  forward  more  than  in  any  other  Lemuroid. 

Dr.  y.  liorenz  has  of  late '  published  under  the  name  of  JHegaladapis 
hrachyeephalus,  sp.n.,  the  upper  and  the  side  view  of  the  skull  of  a 
Megaladapis  taken  from  photographs  which  had  been  communicated 
to  various  museums  and  zoologists  by  the  collector,  Sikora,  who 
had  discovered  the  remains  in  a  cave  near  Fort  Dauphin  on  the 
south*east  coast  This  skull  is,  in  my  opinion,  of  the  same  species- 
as  the  above-mentioned  remains  in  the  British  Museum,  which  are 
from  the  same  locality.  In  the  same  paper*  Dr.  Lorenz  publishes 
another  photograph,  representing  the  side  view  of  a  Lemurine  skull 
from  the  same  cave  near  Fort  Dauphin ;  the  figure  is  briefly 
described,  and  named  **  Mesoadapis  destruetust  gen.  nov.  spec,  nov." 
The  original  of  the  photograph  had  been  previously  acquirod  by  the 
British  Museum,*  and  will  be  described  in  detail  shortly.  It  belongs 
to  a  young  individual  of  Megaladapis  insignis  :  the  three  cheek-teeth 
visible  are  the  deciduous  molars ;  the  caniniform  tooth,  exhibited 
in  profile  in  the  photograph,  is  the  anterior  protruding  portion  of 
the  permanent  canine.  This  skull  confirms  the  opinion  formerly 
expressed  by  me,  viz.,  that  young  specimens  of  Megaladapis  would 
show  a  much  closer  approach  to  the  ordinary  Lemurine  type  than 
the  adult  in  the  conformation  of  the  brain  cavity  and  its  walls.^ 
From  what  has  been  stated  above,  the  synonymy  of  the  species  is  as 
follows : — 

Mboaladapis  insiqnis,  Maj.' 

Syn.  Megaladapis  hraehyc^halus,  Lor.* 
Fcdcsolemur  desiruetus,  Lor  J 
Mesoadapis  destruchts,  Lor.* 

From  the  well-known  locality  Ambolisatra,  on  the  south-west 
coast  of  Madagascar,  G.  Orandidier  has  described  two  femora,  the 
larger  of  which  he  considers  as  belonging  to  Megaladapis  mada- 
gaseariensis,  whilst  the  smaller  is  provisionally  called  Megaladapis  (?) 
IHlholi.^  Both  the  bones  share  the  same  general  characters, 
viz.,  shortness  and  extreme  antero-posterior  flattening ;  but  the 
differences,  as  has  been  pointed  out  by  Mr.  Grandidier,  are  sufficient 
to  warrant  their  being  referable  to  two  different  although  closely 
allied  genera. 

*  Lndwig  Bitt.  Lcmmz  v.  libomau,  **  Uber  einige  Reste  ansgestorbener  Primaten 
Yon  Madaeaskar  " :  Denkschr.  Akad.  Wiss.  Wien.,  Ixx  (1900),  p.  8,  pi.  ii. 

'  Op.  at.,  p.  10,  pi.  Ui,  fig.  3. 

*  Dr.  y.  Lorenz,  when  writing  his  paper,  was  not  aware  of  this  circnmstanoe. 

*  Pha.  Trans.  Roy.  Soc.  London,  B,  vol.  clxxxy  (1894),  p.  27 ;  Proc.  Roy.  Soc.. 
London,  yol.  Ixii  (1897),  p.  49. 

^  Proo.  Zool.  Soc.  London,  December  19, 1899,  p.  989. 

«  Op.  cit.,  1900,  p^,  pi.  ii. 

'  Anzeiger  Akad.  Wiss.  Wien.,  1900,  No.  1,  p.  8  {teHe  Lorenz). 

8  Denkschr.  Akad.  Wiss.  Wien.,  Ixx  (1900),  p.  10,  pL  iii,  fig.  I. 

*  Bull.  Mtts.  d*hist.  nat.  Paris,  1899,  No.  6,  pp.  272-275. 


Digiti 


zed  by  Google 


494     Dr.  Forsyth  Mqfar — Extinct  Primates  of  Madagascar. 

The  smaller  of  the  two  bones  does  not  seem  to  me  to  be  out  of 
proportion  with  the  skull  of  Megaladapis  madagaseariensis  ;  if 
this  supposition  is  right,  the  larger  femur  may  prove  to  belong 
to  Feloriadapis,  a  new  genus  allied  to  MegcuadapU,  based  by 
O.  Grand  idler  on  some  teeth  from  the  same  looality.^ 

A  decided  approach  towards  the  Nyotioebinas,  especially  the  West 
African  Perod^cticus  and  Aretoeebus,  is  the  flattening  of  the  shaft  of 
both  these  femora,  and  the  slight  curvature  witi^  the  ooncavity 
forwards,  together  with  the  large  head  and  the  very  large  plate-like 
'lesser'  trochanter  of  the  smaller  of  the  two,  a  specimen  of 
which,  from  the  same  locality,  is  in  the  British  Museum.  These 
resemblances  may  or  may  not  be  an  indication  of  closer  relationship ; 
on  the  other  hand,  the  locomotion  can  scarcely  have  been  the  same 
in  the  two  groups.  If  the  sluggish  NycticebinsB  are  to  some  extent 
oomparable  in  their  habits  and  locomotion  with  the  Bradypodidas,  the 
-clumsy  Megaladapis  can  scarcely  be  supposed  to  have  been  climbers 
at  alL  The  remarkable  shortness  and  flattening  of  the  Megaladapis 
femur  calls  to  mind  the  same  bone  of  aquatic  Mammalia;  the 
Novated,  position  of  its  orbit  would  point  in  the  same  direction. 

As  to  the  affinities  of  Megaladapis  with  other  Lemuroids,  I  now 
liold  that  its  specializations  are  not  a  sufficient  reason  for  its  being 
removed  into  a  separate  family.  There  are  in  the  flrst  place 
undoubted  affinities  in  the  pattern  of  the  cheek-teeth  with  Lepido- 
lemur  and  also  with  the  Indrisinsd.  Belying  chiefly  on  the 
vertebral  column,  Mivart  long  ago  submitted  that  Lepidolemur 
"  seems  to  be  that  genus  of  the  Lemurinsd  which  most  approximates 
to  the  Indrisinsd." '  In  this  I  fully  concur,  as  the  characters  of  the 
molars  and  the  leg-bones  point  in  the  same  direction.  On  the  other 
hand,  Winge  has  insisted  on  the  relationship  of  Chiromys  with  the 
Indrisinsd,  and  in  my  opinion  he  is,  as  usual,  right  here  also.  It 
will  thus  be  possible  to  show  that  these  four  groups,  at  first  sight  so 
very  different  from  each  other,  because  each  of  them  is  specialized 
in  a  different  direction,  are  closely  related  to  each  other,  and  pre- 
Bumably  had  a  common  origin.  There  are,  besides,  reasons  for  the 
Assumption — the  molar  pattern,  for  one — that  they  were  derived 
from  a  common  stem  with  the  Cebidae.  Whether  wis  is  the  right 
-view,  the  future  will  show. 

II.    PALiBOCHIBOQALUS. 

Another  recent  addition  to  our  knowledge  of  extinct  Malagasy 
Lemurids  is  equally  due  to  M.  G.  Grandidier.  He  describes  and 
figures  two  teeth,  which  **  recall  in  their  general  form  the  two  last 
upper  molars  of  Chirogalus,^*  and  accordingly  calls  them  PaUsoehiro^ 
•gains  Jtdlyi  (nov.  gen.  et  nov.  sp.).*  These  teeth,  from  the  marshes 
of  Sirab6,  belong,  in  my  opinion,  to  an  extinct  form  of  Ihe  genus 
Lemur,  the  figure  to  the  right  representing  the  first  or  second  left 
upper  true  molar,  whilst  the  figure  to  the  left  appears  to  be  the 

1  Ball.  Mas.  d'hist.  nat.  Paris,  1899,  No.  6,  p.  275 ;  No.  7,  p.  844. 

*  Proc.  Zool.  Soc.  London.  1873,  p.  490. 

»  Bull.  Mas.  d'hist.  nat.  Paiis,  18^9,  >i'o.  7,  p.  846. 
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posterior  upper  deoidnons  molar.  A  peooliar  feature  of  these  teeth 
IS  the  strong  deyelppment  of  the  antero-external  ousp.  You  Lorenz 
has  figured,  after  photographs  reoeived  from  Sikora,  the  upper  and 
side  view  of  an  imperfeot  skull  of  apparently  the  same  species,  from 
the  oaye  of  Andrahomana,  near  Fort  Dauphin.^ 

m.    NBSOPITHBCUS  and  aUies. 

Under  various  generic  denominations,  tiz.,  Zophiolemur,  Filh. 
(1895),  Nesopitheeus,  Maj.  (1896),  Olohilemur,  Maj.  (1897),  Brady- 
lemur,  Q.  Grandid.  (1899),  Protoindris,  Lor.  (1900),  a  certain 
number  of  more  or  less  fragmentary  skulls  and  lower  jaws  of 
apparently  very  closely  allied  extinct  Primates  from  Madagascar 
have  been  briefly  noticed  during  the  last  few  years. 

It  is  quite  possible  that,  when  more  completely  known,  these 
remains  may  in  fact  deserve  to  be  classed  in  more  than  one  genus ; 
on  the  other  hand,  some  of  the  specific  names  will  be  reduced  to 
synonyms ;  for  the  present,  or  at  least  for  the  purpose  of  the  present 
notice,  this  is  unessential.  Should  they  prove  to  belong  to  one 
genus,  the  name  Lophiolemur  would  have  the  priority,  or  rather 
probably  Arehaolemur,  a  name  based  by  Filhol  on  some  leg-bones 
from  Belo  on  the  west  coast;*  the  few  characters  given  of  the 
humerus  of  Archeolemur  agree  with  those  of  two  species  of 
Ne§opilhecu8,  The  primary  question, .  however,  refers  to  their 
relationship  with  other  Primates. 

The  first  noticed  of  all  these  remains  is  the  cranial  portion  of 
a  skull,  which  I  described  and  figured  in  1893,'  approximating  it  to 
Hapalolemwr ;  the  name  Olohilemur  assigned  to  it  dates  from  1897.^ 
In  the  marshes  of  Sirab^  (Central  Madagascar)  I  subsequently  found 
the  anterior  portion  of  a  skull  and  other  remains,  which  I  shortly 
described  under  the  name  of  Nesopitheeus  Boherti,  establishing  for 
them  a  separate  family  of  Anthropoidea,  "intermediate  in  some 
respects  between  the  South  American  Cebidsd  and  the  Old- World 
dercopithecidaa,  besides  presenting  characters  of  its  own.*'  ^ 

Meanwhile  Filhol  had  published  the  new  eenus  LophioUmur 
4JL  Edwardst),  chiefly  on  two  mandibular  rami  discovered  long  ago 
by  M.  A.  Grandidier  at  Ambolisatra  (south-west  coast).*  These 
rami,  which  I  have  been  able  to  examine  owing  to  the  kindness  of 
Professor  Filhol,  are  undoubtedly  closely  related,  if  not  generically 
identical,  with  Nesopitheeus ;  it  seemed  to  me  that  their  molars  were 
slightly  more  lophodont  than  in  the  latter  genus.  G.  Grandidier,  in 
his  turn,  has  discovered  at  Belo  an  upper  and  a  lower  jaw,  the 
•characters  of  which  justify  in  his  opinion  the  creation  of  the  new 
genus  Bradylemur  {B.  robustus),  related  to  Lophiolemwr  and  to 
nesopitheeus,'^ 

*  Op.  dt.,  p.  14. 

*  Bull.  Mas.  d*hi8t.  nai  Paris,  1895,  No.  1,  p.  13. 

*  Proc.  Zool.  Soc.  London,  1898,  p.  532. 

*  Proc.  Roy.  Soc.  London,  toI.  bdi  (1897),  p.  46. 

»  Obol.  M!ao.,  Deo.  lY,  Yd.  Ill,  October,  1896,  p.  436. 

*  Loc.  dt.,  p.  13. 

^  Bull.  Mus.  d'hist  nat  Paris,  1899,  No.  7,  pp.  346-348,  with  five  tezt-fi8:ar6e. 
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A  beautifully  preserved  skull  in  the  British  Museum,  from  a  oave- 
near  Fort  Daupbin  (soutb-east  ooast),  briefly  desoribed  by  me^ 
under  the  name  of  Nesopithecus  austrdUis,^  showed  first  of  all  that 
Olobilemur  is  a  member  of  this  group  and  probably  not  generioally 
distinct  from  Netopitheew,^  and  that  Nesopithecus  shared  with  the 
lemurs,  especially  those  of  Madagascar,  a  certain  number  of  cranial 
characters.  It  also  shows  that  I  was  mistaken  in  supposing  that 
Nesopithecus  BoherH  had  the  orbits  separated  from  the  temporal 
fossaa  by  a  bony  wall;  and  although  the  absence  of  the  latter 
is  not,  strictly  speaking,  a  character  which  can  find  a  place  in 
the  diagnosis  of  lemurs,  as  distinguished  from  the  monkeys,  it 
certainly  is  a  more  primitive  feature  than  the  presence  of  a  bony 
septum.  And  so  are  the  lemurine  features  of  the  Nesopithecus 
skull,  viz.,  the  conformation  of  the  basis  cranii,  especially  of  the 
bulla  tympanica,  the  character  of  the  malar  bone  reaching  the 
lachrymal,  etc. 

One  lemurine  feature  of  Nesopithecus,  the  position  of  the  lower 
oaniniform  tooth,  which  does  not  bite  in  front  of  the  upper,  may  be 
considered  to  be  a  transition  between  the  condition  exhibited  by  the 
New  World  monkeys  on  the  one  side  and  the  Old  World  monkeys^ 
on  the  other.    This  on  the  following  grounds. 

The  commonly  received  view  that  the  lower  oaniniform  tooth  of 
recent  Lemuridsd  is  not  a  *  canine '  but  a  premolar,  because  it  is  not 
placed  in  front  but  behind  the  upper  canine,  dates  from  Qeofboj 
Saint-Hilaire.  Objections  have  been  raised  from  time  to  time^ 
e.g.  by  Moseley  and  Kay  Lankester,'  and  about  the  same  time  by 
Donitz.^  The  latter  pointed  out  that  the  tooth  in  question  is  not 
situated  in  the  diastema  between  the  upper  canine  and  the  upper 
anterior  premolar,  but  acts  with  its  cusp  against  the  tuner  side  of 
the  upper  canine.  Similar  remarks  have  been  of  late  made  by 
Yon  Lorenz.'  A.  Orandidier,  on  his  side,  believes  that  the  presence 
in  young  Indrisinsd  of  a  canine  de  lait,  which  is  not  replaced,  settles 
the  question  once  for  all  in  favour  of  Geoffrey  Saint-Hilaire's  view.* 
However,  this  tooth  of  Indrisinsd  being  the  evident  homologue  of 
the  outer  of  the  three  inoisiform  teeth  of  other  Lemuridas,  or  rather 
of  its  deciduous  predecessor,  it  proves  nothing  more  or  less  than 
does  this  supposed  *  lower  canine '  of  other  members  of  the  family. 

1  Proo.  Zool.  Soc.  London,  1899,  p.  988.  Protoindris  globieept,  Lorenz 
(DenkBchr.  Akad.  Wise.  Wien.,  Ixx,  1900,  p.  11,  pi.  iii,  fi^.  2),  is  baaed  on 
a  photoffrapk  from  Mr.  Sikora  representing  the  reduced  side  view  of  the  type  of 
Nesopitkeeus  OMtralis. 

>  It  is  possible  tbat  my  OlohUenmr  Flaeourti  from  the  neighbourhood  of  Nossi-y^ 
on  the  sontii-west  coast  may  proTO  to  be  specifically  identical  with  BraiyUmur 
BMtardi,  G.  Grand.  (Bnll.  Mus.  d'hist.  nat.  Paris,  1900,  No.  6,  p.  215),  from 
Ambolisatra. 

*  Joum.  Anat.  &  Physiol.,  iii,  1868,  pp.  73-80  (1869). 

*  "  Uber  die  Eckzahne  der  Lemnriden  " :  Sitzungsber.  Ges.  Naturf.  Frennde,. 
Berlin,  16th  December,  1868,  p.  32. 

*  Op.  dt.,  p.  7. 

*  <<  HiBtoire  physique,  naturelle,  et  politique  de  Madagascar,**  Maramif^res,  i,. 
p.  32,  footnote  3  (1876). 
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Hie  lower  oaniniform  tooth  of  Mammalia  is  generally  anterior 
to  the  upper  oaniniform ;  if,  however,  for  some  reason  or  other  the 
upper  premolar  aeries  should  beoome  lengthened,  or  the  lower 
premolar  series  shortened,  the  position  of  the  lower  *  oanine '  may  be 
altered.  Bateson  has  described  and  figured  an  instance  of  the  first 
kind.  A  skull  of  AteU$  marginatua  in  the  British  Museum 
(No.  1,2146,  collected  by  Bates)  exhibits  the  unusual  number  of  four 

Sremolars  on  either  side  of  the  upper  jaw.  ''  As  a  oonsequenoe  the 
>wer  canines  bite  on  and  partly  behind  the  upper  canines.*'  ^  The 
skull  is  before  me  :  on  the  right  side  the  lower  canine,  in  fact,  acts 
on  the  inner  side  of  the  upper  canine ;  on  the  left  side  its  position  is 
almost  normal. 

The  OeroopithecidsB,  and  in  general  all  the  monkeys  with  only 
two  premolars,  are  evidently  derived  from  older  forms  with  three 
premolars.  As  often  happens,  the  loss  of  the  lower  premolar  may 
have  preceded  in  time  that  of  the  upper  jaw,  so  that  we  may 
imagine  a  transitional  stage  in  which  there  were  three  premolars 
above  and  two  below.  In  that  case  the  lower  canine  might  slide 
slightly  backwards,  and  would  in  that  case  act  on  the  inner  side 
of  the  upper  canine;  this  is  precisely  the  condition  of  things  in 
NesopithecuB  and  also  in  the  majority  of  recent  LemuridsB.  When 
finally  one  of  the  three  upper  premolars  comes  to  be  lost,  the  lower 
'  canine '  might  come  again  to  occupy  its  original  position  in  front 
of  the  upper,  as  is  the  case  in  all  Old  World  monkeys. 

There  are,  therefore,  as  good  reasons  for  the  assumption  that 
the  oaniniform  lower  tooth  of  Nesopiihecua  and  of  most  of  the 
Lemuridaa  is  the  homologue  of  the  lower  'canine*  of  Old  World 
monkeys,  as  for  the  generally  received  view.  Ne$opithectt$  has 
approached  nearer  than  most  of  the  Lemuridsd  to  the  monkeys 
by  retaining  only  two  lower  incisors.  For,  of  course,  as  a  con« 
sequence  of  the  hypothesis  propouuded  here,  the  six  inoisiform  lower 
teeth  of  the  majority  of  Lemuridse  would  have  to  be  considered 
as  the  homologues  of  the  six  lower  incisors  of  the  majority  of 
Placentalia.  This  constitutes,  for  the  present,  its  weak  point,  because 
most  of  the  Tertiary  Lemuridsd  are  supposed  to  have — and  Adapts 
certainly  has — only  four  lower  incisors. 

It  is  obvious  that  the  position  of  Nesopitheeus  in  the  system  cannot 
be  discussed  without  reference  to  the  relations  between  lemurs  and 
monkeys  generally.  The  general  question  being  too  large  for 
discussion  here,  I  must  limit  myself  to  the  following  remarks. 

A.  Milne-Edwards  and  A.  Orandidier  have,  contrary  to  Mivart, 
considered  the  Lemuroidea  as  forming  a  distinct  order.  Although  in 
the  "Histoire  de  Madagascar,"  up  to  the  present  day,  the  description 
of  the  Indrisinsd  alone  has  been  published,  this  was  believed  to  fully 
settle  the  question  at  issue.  Ilie  Indrisinsd  being,  as  far  as  brain 
development  is  concerned,  the  highest  of  recent  lemurs,  and  thus 
approaching,  more  than  the  rest,  the  Anthropoidea,  the  conclusions 
as  to  their  relationship  with  the  latter,  derived  from  the  comparison 

1  W.  Bateson:  ** Materials  for  the  Study  of  Variation,  etc.,'*  1894,  pp.  206, 
207,  fig.  38.  '  '  FF         » 
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of  their  other  characters,  seemed  a  fortiori  to  apply  to  all  the  other 
lemurs* 

The  careful  and  detailed  comparisons  between  Indrisinsa  and 
Anthropoidea^  show  in  fact  a  great  amount  of  di£forenoe  between 
both  in  all  the  organs.  But  it  would  be  an  error  to  infer  from  this, 
without  closer  examination,  that  the  same  holds  good  with  r^ard 
to  all  the  Lemurids.  In  osteologioal  characters,  L^doUmw  and,  to 
a  somewhat  lesser  extent,  Chirogale,  range  with  the  Indrisinsd ;  but 
the  genera  Lemur  and  Hapalolemur,  to  limit  myself  to  Malagasy 
Lemuridad,  tell  quite  another  tale.  Take,  for  instance,  the  humerus. 
In  most  of  the  features  of  this  bone,  which  have  been  pointed  out  as 
characteristic  of  the  monkeys  in  opposition  to  the  Indrisinad,  Lemur 
and  Hapalolemur  range  on  the  side  of  the  former,  and  this  applies 
wiUi  greater  force  still  to  the  humerus  of  Nesopitheeus,  The  same 
holds  good,  more  or  less,  for  most  parts  of  the  skeleton,  but  I  have 
purposely  quoted  the  humerus  as  an  example,  because  it  is  one  of 
the  few  bones  known  of  the  Tertiary  Adapis.  Filhol  describes  it 
in  Adapts  as  approaching  closely  to  the  'Mahis,*  having  in  view, 
I  suppose,  first  of  all  the  genus  Lemur,  At  any  rate  the  description 
and  Uie  figures  of  the  Adapis  humerus  agree  very  nearly  with  the 
same  bone  of  Lemur  and  Hapalolemur, 

Part  of  the  Lemuridsd  therefore  come  in  their  skeleton  closer  to 
the  monkeys  than  is  generally  believed,' and  Nesopiihecus  goes  a  step 
farther  in  the  same  direction.  lii  the  latter  we  may  distinguish 
four  sets  of  characters. 

1.  Primitive  characters  which  Nesopiihecus  shares  with  Adapis  and 
with  part  at  least  of  the  Lemuridad  generally ;  e.g.,  cerebellum  not 
overlapped ;  large  bulla  tympanica,  tympanic  ring  free ;  orbits  not 
closed  behind  by  a  bony  septum;  entepicondylar  foramen  of  the 
humerus.  These  two  last  characters  might  with  almost  equal  reason 
find  a  place  under  2. 

2.  characters  which  Nesopiihecus  has  in  common  with  the  less 
specialized  lemurs  and  with  monkeys  as  well,  and  which  nevertheless 
are  comparatively  primitive,  for  I  submit  that  in  a  certain  number 
of  characters  the  monkeys  are  less  specialized  than  numbers  of 
lemurs ;  e.g.,  more  or  less  vertical  insertions  of  lower  incisors,  many 
features  of  the  appendicular  skeleton. 

3.  Simian  characters,  absent  in  the  Lemuridad,  and  which  NesO' 
pilhecus  shares  exclusively  with  the  monkeys,  and  some  of  thera 
more  particularly  with  the  Oeroopithecidad ;  e.g.,  voluminous  brain, 
with  the  arrangement  of  the  convolutions  approaching  those  of 
monkeys;  steep  facial  profile  of  the  skull;  orbits  directed  straight 

t  «  HiBtoire  physiqae,  natarelle,  et  politique  de  Madagascar,'*  Mammif^res,  i 
(1876). 

s  « If,  in  accordance  with  the  traditional  Tiews  of  zoologists,  the  Lemurs  are  still 
oonaidered  to  be  members  of  this  order  [i.e.  Primates],  they  must  form  a  sub-order 
apart  £rom  all  the  others,  with  which  they  hare  really  rery  littie  in  common  except 
the  opposable  hallux  of  the  hind  foot,  a  character  also  met  with  in  the  Opossums, 
and  wluch  is  therefore  of  Tery  secondary  importance." — Flower  &  Lydekker :  **  An 
Introduction  to  the  Study  of  Mammals,  Hying  and  extinct,**  1891,  p.  680. 
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forward;  position  of  the  lacbrymal  foramen  inside  the  orbit  (at 
least  in  one  species,  viz.  K  Boherti) ;  oonformation  of  the  internal 
pair  of  npper  incisors;  number  of  lower  incisors;  limb-bones 
as  a  whole  in  several  features  intermediate  between  monkeys  and 
lemurs  (entepioondylus  of  humerus  strongly  developed  and  directed 
backwards,  etc.).  • 

4.  Characters  which,  being  proper  to  Nesopithecus,  mark  its 
specialization;  e.g.,  preponderance  of  ante-molars  over  the'  true 
molars,  especially  in  the  upper  jaw;  blade-shaped  premolars; 
beginning  of  lophodonty  in  the  true  molars,  the  latter  character 
being  apparently  more  pronounced  in  some  species  than  in  others. 

The  first  three  sets  of  characters  united  are  precisely  such  as  must 
have  been  possessed  by  the  immediate  ancestors  of  the  Oerco- 
pithecidsd.  It  is  therefore  difficult  to  imagine  that  the  simian 
characters  of  Nesopithecus  do  not  indicate  any  nearer  relationship 
to  the  Cercopithecidsd,  but  that  they  have  been  independently 
developed  in  the  former  as  a  sort  of  simian  mimicry. 

The  position  thus  taken  up  by  the  writer  will  have  to  be 
expressed  in  classification  by  giving  up  the  two  separate  suborders 
of  Primates,  thus  going  one  step  fietrther  than  Mivart  Nesopithecus, 
with  Hadropithecus  (see  below),  appear  to  form  a  side-branch  of  the 
evolving  line  from  lemurs  to  monkeys,  branching  off  close  below  the 
Cercopithecidad. 

IV.    HADROPITHECUS. 

A  further  interesting  addition  to  our  knowledge  of  extinct 
Malagasy  Primates  is  Hadropithecus  stenognathus,  Lorenz.'  I  under- 
stand from  Dr.  v.  Lorenz  that  he  now  holds  this  genus  to  be  closely 
related  to  Nesopithecus,  a  view  with  which  I  fully  agree.  The 
imperfect  mandible  upon  which  the  genus  is  based  shows  the 
number  of  teeth  to  be  the  same  as  in  Nesopithecus,  viz.,  on  each 
side  six  cheek-teeth,  of  which  the  three  posterior  are  undoubtedly 
true  molars,  and  two  incisors  inserted  in  a  still  more  erect  position 
than  in  the  latter  genus ;  in  fact,  they  are  well-nigh  vertical.  Of 
the  cheek-teeth,  the  true  molars  preponderate  in  horizontal  extension 
over  the  ante-molars,  the  opposite  being  the  case  in  Nesopithecus. 

In  their  pattern  the  true  molars  are  not  very  different  from  those 
of  the  last-named  genus,  the  difference  appearing  to  be  mainly  the 
result  of  a  more  hypselodont  character  in  the  teeth  of  Hadropithecus. 
The  posterior  premolar  of  the  latter  is  almost  molariform,  and  the 
ante-molars  as  a  whole  are  not  blade-shaped,  a  character  which  gives 
quite  a  peculiar  appearance  to  the  dentition  of  Nesopithecus,  recalling 
to  mind  the  Plagiaulacidad,  as  well  as  ThylacoUo  and  Potorous 
{Hypsiprymnus) . 

^  *'Uber  einige  Beste  ausgestorbener  Piimaten  Ton  Madagaskar  *' :  loc.  cit, 
pp.  2-8,  pi.  i,  figs.  1-7. 
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TV. — ^Pleistooenb  Shslls  fbom  thb  Eaisbd  Beaoh  Deposits  of 
THE  Esj>  Sea. 

By  B.  BuLLiN  NiwTON,  F.G.B.,  of  the  British  MoBeom  (Natural  History). 

(PLATES  XX-XXII.)* 

AN  interesting  oollection  of  shells,  numbering  more  than  fifteen 
hundred  specimens,  obtained  by  the  officers  of  the  Geologioal 
Surrey  of  Egypt  from  the  raised  beach  deposits  of  the  Red  Sea,  has 
reoenUy  been  examined  by  the  writer  at  the  request  of  Captain 
Lyons,  B.E.,  the  Director-General  of  the  Survey. 

With  the  exception  of  certain  specimens  collected  by  Dr.  Hume 
from  the  western  shore  of  the  Oulf  of  Akaba,  this  important 
collection  was  acquired  by  Mr.  Thomas  Barron,  F.G.S.,  from 
various  localities  situated  on  the  western  side  of  the  Bed  Sea  and 
the  Gulf  of  Suez  during  the  survey  of  that  region  in  the  years 
1897-1898. 

The  majority  of  the  shells  belong  to  modem  species  and  are  well 
preserved,  many  of  them  retaining  their  original  colour-markings 
and  other  characteristic  features.  The  species  exhibit  the  true 
Bed  Sea  or  Indo-Pacific  facies,  with  a  very  slight  commingling 
of  Mediterranean  forms,  a  fact  which  confirms  the  work  of  most 
previous  observers,  who  recognize  marked  differences  in  the  two 
faunas.  A  few  of  the  specimens  are  quite  unknown  in  present  seas, 
whilst  others  date  their  origin  from  Miocene  times,  but  as  all  are 
accompanied  by  undoubted  modem  species  they  must  be  admitted 
as  their  contemporaries  in  time.  Among  such  may  be  mentioned 
Aleeiryonia  Virleii,  Chlamys  latissima,  ChUimys  Beissi,  Peeten  Vasseii, 
Lilhaphaga  Avitensis,  Cassis  lavigata,  etc.  This  association  of 
modem  and  extinct  forms  has  already  been  observed  by  Professor 
Mayer -Eymar,  Dr.  Theodore  Fuchs,  and  others  in  deposits  of 
similar  age  near  Cairo  (Wadi  Mellaha,  eta)  and  to  the  north  of 
Suez  (Bitter  Lakes,  etc.). 

The  marine  portion  of  the  terrace  beds  surrounding  the  Bitter 
Lakes  resembles  the  raised  beaches  of  the  Bed  Sea  in  possessing 
a  fauna  of  Lido -Pacific  character,  whereas  the  Cairo  deposits 
oontain  an  assemblage  of  species  bearing  a  large  percent^^e  of 
Mediterranean  or  Atlantic  forms:  facts  which  indicate  that  in 
former  times  the  Mediterranean  extended  further  southwards  and 
the  Bed  Sea  further  northwards  than  now  obtains. 

Li  dealing  with  the  age  of  these  deposits  it  seems  apparent  that 
they  should  be  regarded  as  Pleistocene  on  account  of  the  large 
number  of  recent  species  they  contain,  and  the  comparative  scarcity 
of  extinct  forms.  This  is  in  agreement  with  the  views  of  most 
authors,  who,  although  under  different  designations,  acknowledge 
the  same  horizon,  as,  for  instance,  **  Saharian  '*  of  Mayer-Eymar ; 
**  Becente  Ablagerungen  (Pseudo-Sarmatischen  Ablagerungen)  *'  of 
Fuchs  ;  and  **  Jiingere  Meeresbildungen  "  of  Fraas.  It  should  be 
mentioned,  however,  that  Fraas  only  uses  his  term  in  connection 

^  These  plates  will  appeer  with  Part  II  in  the  Deoemher  number. 
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^> 
with  the  Bed  Sea  beaoh  deposits,  reoognizing  the  Wadi  Mellaha  beds 
as  of  Miooene  age,  whilst  Neamayr  and  Beyrich  both  regard  them 
as  Pliooene. 

Some  importance  may  be  attached  to  the  identifioation  of  PeeUn 
Vassdi,  a  species  originally  described  b^  Fuchs  fo)m  the  terrace 
formation  of  the  Bitter  Lakes,  and  which  is  doubtless  the  same 
shell  referred  to  by  Fraas  under  the  name  of  Peeten  radtda,  yar. 
iubfosBilis,  found  in  the  beach  deposits  near  Eosseir.  Examples 
of  this  species,  with  its  peculiar  dichotomizing  ribs  and  minute 
striated  sculpture,  are  represented  from  the  following  localities  in 
this  collection :  (a)  Baised  beach,  Northern  Wadi  Oueh,  Oamp  6, 
240  feet  above  sea ;  (6)  raised  beach  north  of  Eosseir ;  (e)  Upper 
Ooral  terrace  {Pecten-hed)  between  Nebk  and  Sherm,  South-East 
Sinai.  At  (e)  Peeten  Vasseli  is  associated  with  Cklamya  latierima ; 
at  (a)  with  a  fragment  of  CMamys  opercvlaris;  and  at  (6)  with 
modem  Bed  Sea  forms,  Codahia  exasperaiat  etc.,  and  some  extinct 
ones,  such  as  Idthophaga  LyeUanus,  In  its  typical  locality  this 
shell  is  found  with  Circe  pecHnata  and  other  familiar  Bed  Sea  species 
(see  Fischer  post  "Literature"),  although  not  known  in  the  flying 
state. 

Among  the  more  abundant  shells  of  modem  species  in  this 
collection,  and  which  occur  repeatedly  at  various  localities,  are: 
Conus  ntueatellaf  Natica  mdanostama,  Stromhus  faseiatue,  Turbo 
radiatuB,  Anadara  aniiquata  and  radiata,  Ohama  fUvalis,  Circe 
pectinatOy  Codakia  exasperata,  etc. 

Idet  of  the  Pleistocene  HoUusca  from  the  Baised  Beach  Deposits  of  ike 
Bed  Sea,  collected  by  Mr.  Thomas  Barron,  F.0,8. 

The  identification  of  the  following  species  has  been  carried 
out  after  careful  comparison  with  the  finely  arranged  series 
of  modem  shells  in  tbe  Zoological  Department  of  the  British 
Museum.  To  Mr.  Edgar  Smith,  the  Assistant  Eeeper  of  that 
section  of  the  Museum,  the  writer  records  his  indebtedness  for 
much  help,  especially  with  regard  to  some  of  the  more  difficult 
determinations  that  have  arisen  during  the  progress  of  this  work. 
The  classification  of  the  families  is  that  adopted  at  the  British 
Museum,  and  originally  suggested  by  Pelseneer  in  his  "  Introduction 
h  I'etude  des  Mollusques"  (Ann.  Soa  Boy.  Malaa  Belgique,  1894, 
Tol.  xxvii,  pp.  31-24:3). 

The  following  explanation  of  bracketed  names,  eta,  quoted  under 
^'Distribution,"  should  be  noted: — (B.M.)  =  British  Museum  (Becent 
Shell  Department) ;  (Barron)  =  a  small  collection  of  unnumbered 
specimens  from  Bas  Gharib  and  Jebel  Zeit,  sent  separately  by 
Mr.  Barron  in  August,  1898 ;  (Tiyon,  Issel,  eta)  =  authorities 
for  distribution  of  the  species,  vide  "  Literature  "  appended. 

Class  GASTEROPODA. 

Family  PATELLID-ffi. 

Heloioniscus  variabilis,  Erauss. 

Patella  variabilit,  Eram :  Die  Sudafrikanischen  Mollusken,  1848,  p.  36,  nl.  iii, 

fig.  12. 
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Distribution.— Natal  (Tryon);  Bed  Sea  (B.M.).  ColL  GeoL 
Snrv.  Egypt :  50  foot  beach  deposit  at  Gemsah  (No.  2,048,  Box 
No.  68/). 

FamUy  HALIOTID^. 
Haliotis  omenta,  Beeve. 

Salioiia  crumta,  Eeere :  Gonchologia  Iconica,  yoI.  iii  (1846),  pL  xv,  fig.  56. 

DiSTBiBunoN. — Gulf  of  Suez  and  New  Zealand  (B.M.).  ColL 
GeoL  Surv.  Egypt :  Eas  Gharib  (Barron) ;  raised  beach  20  feet 
aboye  sea  at  Gharib  lighthouse  (Nos.  2,058-2,098,  Box  No.  18j). 

Family  FISSCJEELLID^. 

Capiluna  ^  Ruppelli,  G.  B.  Sowerby. 
IUmr$Ua  JRuppelUf  G.  B.  Sowerby :  Proc.  Zool.  Soc.  London,  1634,  pt.  ii,  p.  126 ; 

Gonchological  Illastrations,   1841,   pi.   Ixxriii,  fig.   65,   and   pi.  Ixxx^ 

fig.  75. 
Distribution. — Near  Suez  and  beach  deposits  of  Bed  Sea  (Issel) ; 
Bed  Sea  to  Gape  of  Good  Hope  (Tryon)  ;  Aden,  Bed  Sea,  Mauritius, 
East  Africa,  Mergui  (E,  A.  Smith).  ColL  GeoL  Surv.  Egypt:  Bas 
Gharib  (Barron) ;  raised  beach  20  feet  above  sea  at  Gharib  light- 
bouse  (Nos.  2,058-2,098,  Box  No.  18;) ;  beach  against  old  island 
west  of  Camp  51,  south  of  Gharib  l^hthouse  (Nos.  2,021-2,080, 
Box  No.  57 j). 

Capiluna  Bnppelliy  var.  Barroni,  var.  nov.     (PL  XXTT,  Figs.  1-4.) 

The  above  varietal  designation  is  applied  to  a  number  of  forms 
which  are  nearly  circular  in  outline,  besides  being  more  conical 
and  elevated  than  the  typical  species.  Sculpture  characters, 
however,  are  identical ;  the  numerous  raised  beaded  ribs  and  riblets 
exhibiting  the  usual  beautiful  structure  of  this  shelL  The  oblong 
perforation  is  also  noimal,  and  shows  a  slight  enlargement  at  the 
posterior  end.  The  basal  margin  is  denticulated  and  laterally 
excavated.  Size  variable.  Dimensions  of  largest  specimen  :  height, 
15  mm. ;  length  and  width,  18  mm. 

This  variety  is  represented  by  about  a  dozen  specimens  which 
were  found  associated  with  the  true  C.  BuppeUi.  It  is  to  be  seen 
in  an  unnamed  condition  in  the  Becent  shell  section  of  the  British 
Museum,  labelled  as  from  the  Bed  Sea,  although  the  specimens  have 
all  the  appearance  of  coming  from  the  beach  deposits  of  that  area. 
Probably  the  form  is  extinct 

Distribution. — Coll.  GeoL  Surv.  Egypt :  Bas  Gharib  (Barron)  ; 
raised  beach  20  feet  above  sea  at  Gharib  lighthouse  (Nos.  2,058- 
2,098,  Box  No.  18y). 

Emarginula  incisura,  A.  Adams. 

Emarginula  ineisura,  A.  Adams:  Proc.  ZooL  Soc.  London,  1851,  p.  84. 
Distribution.— Apparently  unknown.    Coll.  GeoL  Surv.  Egypt : 
Bas  Gharib  (Barron) ;   raised  beach  20  feet  above  sea  at  Gharib 
lighthouse  (Nos.  2,058-2,098,  Box  No.  18/). 

^  Capiluna,  Gray,  1857  «=  Olyphis,  Carpenter,  1856,  non  Igaasif,  1843 ;  vit^ 
HarriB  &  Barrows,  Paris  Basin  Eocene  Molauca  (Oeol.  Assoc.),  1891,  p.  HI. 
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Soatain  unpiis,  LinnaBus. 
JMella  unffuii,  Lumniis :  Bystema  Naturo,  10th  ed.  (1758),  p.  783  (=iFarmaphort4t 
pranulaUu,  Blainyille,  vide  Issel). 

DiSTRXBUTiON. —  Bod  Sea  to  Oape  of  Good  Hope,  Atutralia, 
Philippines,  eto.  (Tryon) ;  Gnlf  of  Saez,  soath  of  B6anioii,  and 
Bed  Sea  deposits  (Issel).  Coil.  Oeol.  Snry.  Egypt:  Bas  Gharib 
(Barron);  raised  beaoh  20  feet  above  sea  at  Gharib  lighthouse 
(Nos.  2,098-2,106,  Box  No.  20;). 

Family  TBOCHID-ffl. 

Iroohns  (Cardinalia)  Tirgatos,  Gmelin. 

TVoeAfM  virffolutf  Gmelin :  Systema  Natone,  13th  ed.  (1790),  p.  3,580. 
DiSTBiBUTiON. — Beach  deposits  on  western  borders  of  Bed  Sea 
(Gray  Ss  Frembley) ;  Bed  Sea  and  Indian  Ocean  (Tryon).    Ooll. 
GeoL  Surv.  Egypt :  Bas  Gharib  (Barron) ;   raised  beach  20  feet 
aboye  sea  at  Gharib  lighthouse  (Nos.  2,058-2,098,  Box  No.  18/). 

Trochns  (Infnndibulops)  erythrsus,  Brooohi. 
Troehut  erfthratu,  Brocchi:  Oatalog.  una  ser.  Conchiglie  Afrioana,  etc.,  1619-1823 
CfideTrjOB). 

DiSTBiBunoN. — ^Beadh  deposits  of  Bed  Sea  and  in  the  Gulfs  of 
Akaba  and  Suez  (Issel) ;  Bed  Sea  (Tryon) ;  Aden,  Bed  Sea,  Gulf  of 
Suez  (E.  A.  Smith).    Coll.  GeoL  Surv.  Egypt :  Jebel  Zeit  (Barron). 

Trochus  (Lamprostoma)  maculatus,  Linnadus. 

IVoehus  mamlatm,  Lumieiis :  Systema  Natune,  10th  ed.  (1768),  p.  756. 
Distribution. — Beaoh  deposits  of  the  Bed  Sea  (Gray  &  Frembley 
and  Issel) ;  recent  forms  from  the  Bed  Sea  (Issel) ;  Indian  Ocean 
to  the  Philippines  (Tryon).  Ooll.  GeoL  Surv.  Egypt:  Jebel  Zeit 
(Barron) ;  raised  beach  80  feet  above  sea  at  Gamp  6,  north  of  Wad! 
Oueh,  west  of  Kosseir  (Nos.  1,649  and  1,650,  Box  No.  78;). 

Clanculns  Pharaonius,  Linnsaus.  (PL  XX,  Figs.  4,  5.) 
TSroehua  Pharaonius,  Linnseiis :  Systema  Natons,  10th  ed.  (1768),  p.  767. 
Distribution. — Beach  deposits  of  the  western  borders  of  Bed  Sea 
(Gray  &  Frembley) ;  Bed  Sea,  Gulfs  of  Akaba  and  Suez  (Issel)  ; 
Bed  Sea  (Tryon) ;  Bed  Sea,  Aden,  Gulfs  of  Suez  and  Akaba  (E.  A. 
Smith).  Ooll.  GeoL  Surv.  Egypt:  Bas  Gharib  and  Jebel  Zeit 
(Barron). 

Priotrochos  obsoums,  Wood. 

Drochut  ohaeurut,  W.  Wood :  Index  Testaceologicos,  1828,  Suppl.  pi.  ▼,  fig.  26. 
DiSTBiBUTioN. — Indian  Ocean  (Fischer) ;   South  Africa  (B.M.). 
Ooll.  GeoL  Surv.  Egypt:   raised  beach  east  of  Jebel  Esh  (Nos. 
2,172-2,190,  Box  No.  64;). 

Family  TUBBINID-ffi. 
Turbo  radiatus,  Gmelin.    (PL  XX,  Fig.  1.) 

Turbo  ratUatiu,  Gmelin:  Systema  Natura,  13th  ed.  (1790),  yoI.  i,  pt.  6,  p.  3,694 

( = Ch^mnitMioHutt  Keere) . 

DiSTBiBUTioN. — Bed  Sea,  Madagascar,  and  Philippines  (Tryon)  ; 

Bed  Sea,  Persian  Gulf,  and  Madagascar  (K  A.  Smith).    Ooll.  GeoL 

Surv.  Ej^pt :  Bas  Gharib  (Barron)  ;  raised  beach  80  feet  above  sea 
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at  Camp  6,  north  of  Wadi  Gueb,  west  of  Eosseir  (Nob.  1,655-1,657, 
Box  No.  8iy) ;  beacb  east  of  Qharib  (Nos.  2,227-2,254,  Box  No. 
17/) ;  raised  beaoh  20  feet  above  sea  at  Obarib  ligbtboose  (Nos. 
2,058-2,098,  Box  No.  18j;  Nos.  2,090-2,105,  Box  No.  20/); 
raised  beacb,  Oamp  6,  Wadi  Oaeb  (No.  1,594,  Box  No.  2Bk ;  No. 
1,587,  Box  No.  491:;  Nos.  1,559  and  1,561,  Box  No.  601:;  Nos. 
1,574,  eta.  Box  No.  62&). 

Family  NERITTO-^l. 

Verita  albidlla,  LinnsBos. 

Nerita  a^ieilla,  LumsBUB :  Systema  NatnnB,  10th  ed.  (1758),  p.  778. 

Aooording  to  Tryon  this  speoies  inclades  aangvinolenta,  Henke; 
marmorata,  Beeve ;  and  erassilabrum,  E.  A.  Smith. 

Distribution. —Beaoh  deposits  of  Bed  Sea  (Issel);  Bed  Sea  to 
Philippines  (Tryon) ;  Aden,  Red  Sea,  Indian  and  Paoifio  Ooeans 
(E.  A.  Smith),  doll.  Oeol.  Surv.  Egypt:  beaoh  south  of  Gharib 
(Nos.  2,227-2,254,  Box  No.  17; ) ;  beaoh  against  old  island  west  of 
Oamp  51,  south  of  Obarib  lighthouse  (Nos.  2,021-2,030,  Box  No. 
57y)  ;  raised  beach  80  feet  above  sea,  Oamp  6,  Wadi  Oueh  (No. 
1,569,  Box  No.  SU ;  No.  1,612,  Box  No.  6Bk) ;  raised  beach, 
Oamp  6,  Wadi  Gueh  (Nos.  1,574,  etc.,  Box  No.  62*). 

Family  HIPPONYOID^. 

Hipponyx  barbatus,  O.  B.  Sowerby. 

Eipponyx  barbatus,  O.  B.  Sowerby :  Proc.  Zool.  8oo.  London,  1836,  p.  6. 

Distribution.  —  Hazatlan,  Oalapagos  Islands,  Pol3rnesia,  Japan, 

Oape  of  Good  Hope  (Tryon) ;  Society  Islands  (B.M.).    OolL  QeoL 

Surv.  Egypt :  Bas  Gharib  (Barron) ;  raised  beach  20  feet  above  sea 

at  Gharib  lighthouse  (Nos.  2,058-2,098,  Box  Na  18;). 

Family  CYFUMIDM. 

Cyprsea  annulus,  Linnnus. 
Cypraa  atmulua,  Linneus :  Systema  Naturo,  lOth  ed.  (1758),  p.  723. 
DiSTBiBUTioN. — Gulf  of  Akaba,  Mediterranean  and  beaoh  deposits 
of  Bed  Sea  (Issel)  ;  Indian  and  Pacific  Oceans,  and  fossil  in 
Southern  Europe  (Tryon) ;  Aden  (E.  A.  Smith).  OolL  Geol.  Surv. 
Egypt :  raised  beach,  Wadi  Gueh,  Oamp  6  (No.  1,568,  Box  No.  29ib) ; 
raised  beach  east  of  Jebel  Esh  (Nos.  2,172-2190,  Box  No.  64; ). 

Cyprsea  Arabioa,  Linnnus. 

Cypraa  Arabica,  Linnffius:  Systema  Natone,  lOth  ed.  (1758),  p.  718. 

DiSTBiBUTioN. — Beach  deposits  of  Bed  Sea  (Gray  &  Frembley, 

Issel) ;  Gulf  of  Akaba  and  Bas  Benass  (Issel) ;  Indian  and  Paoifio 

Ooeans  (Tryon);  Aden  (E.  A.  Smith).    OoU.  Geol.  Surv.  Egypt: 

beaoh  east  of  Gharib  (Nos.  2,227-2,254,  Box  No.  17;). 

Cyprssa  caurioa,  Linnssus. 

Cffprma  emuriea,  LinnaBOS :  Systema  Nator®,  10th  ed.  (1758),  p.  723. 
DISTBIBUTION. — Beach  deposits  of  Bed  Sea  (Gray  &  Frembley) ; 
Gulf  of  Akaba  (Issel) ;  Indian  and  Pacific  Oceans  (Tryon) ;  Aden 
(E.  A.  Smith).     OolL  Geol.  Surv.  Egypt :   east  of  Gharib  (Nos. 
2,227-2,254,  Box  No.  17;). 


Digiti 


zed  by  Google 


B.  Bullen  Newton — Shelhfrom  Raised  Beaches,  Bed  Sea,     505 
Cypnea  oylindrica,  Born. 

Cyprma  e^Undriea^  Bwn:    Testacea  Mas.  CsBsarei  VindobonenBis,  1780,  pi.  Tui, 
fig.  10. 
DiSTBiBUTiON. — Amboina,  etc.   (B.M.)  ;   Ceylon,  AuBtralia,  New 
Caledonia  (Tryon).    Coll.  Geol.  Snrv.  Egypt :  raised  beach,  Camp  6, 
Wadi  Gueh  (Nos.  1,691  and  1.567,  Box  No.  30ik). 

Gypraa  erosa,  Linnnas. 
Cjfprma  erota,  LinnssuB:  Systema  Naturse,  lOth  ed.  (1758),  p.  723. 
DiSTBiBUTiON. — Beach  deposits  of  Red  Sea  (Gray  &  Frembley» 
Issel) ;  Gulf  of  Akaba  (Issel) ;  Indian  and  Paoifio  Oceans  (Tryon) ; 
Aden  (E.  A.  Smith).  Coll.  Geol.  Surv.  Egypt:  raised  beach 
80  feet  above  sea.  Camp  6,  north  of  Wadi  Gueh,  west  of  Eosseir 
(Nos.  1,649  and  1,650.  Box  No.  78;;  Nos.  1,591  and  1,567,  Box 
No.  30&) ;  50  foot  beach,  Gemsah  (No.  2,038,  Box  No.  62;). 

Cyprssa  fimbriata,  Gmelin. 
Cyprt^ajlmbriata,  Qmelin :  Systema  NatorsB,  I3th  ed.  (1790),  toI.  i.  pt.  6,  p.  3,420. 
DiSTBiBUTioM.  —  Indian    Ocean    to    Australia    (Tryon)  ;     Aden 
<E.  A.  Smith).     Coll.  Geol.  Surv.  Egypt:   raised  beach  20  feet 
above  sea  at  Gharib  lighthouse  (Nos.  2,058-2,098,  Box  No.  18;). 

Cyprssa  Isabella,  Linnnus. 
Cypraa  isabella,  lAxmssm :  Systema  Naturae.  lOth  ed.  (1758),  p.  722. 
Distribution. — Beach  deposits  and  recent  forms  in  Bed  Sea 
(Issel) ;  Indian  and  Pacific  Oceans  (Tryon) ;  Aden  (E.  A.  Smith). 
Coll.  Geol.  Surv.  Egypt :  Ras  Gharib  (Barron) ;  raised  beach  20  feet 
above  sea  at  Gharib  lighthouse  (Nos.  2,058-2,098,  Box  No.  18;) ; 
raised  beach,  Camp  6,  Wadi  Gueh  (Nos.  1,591  and  1,567,  Box 
No.  30Jfc). 

Cyprssa  tardus,  Lamarck. 
Cypraa  turdtu,  Lamarck:.  Hist.  Nat.  Anim.  sans  Vert.,  vol.  vii  (1822),  p.  392. 
DiSTBEBUTiON. — Bcach  deposits  on  the  western  borders  of  the  Bed 
Sea  (Gray  &  Prembley) ;  Gulf  of  Akaba  and  Indian  Ocean  (Issel) ; 
Aden  (B.  A.  Smith);  Persian  Gulf  (Tryon).  ColL  Geol.  Surv. 
Egypt:  beach  east  of  Gharib  (Nos.  2,227-2,254,  Box  No.  17;); 
raised  beach  20  feet  above  sea  at  Gharib  lighthouse  (Nos.  2,058- 
2,098,  Box  No.  18;) ;  50  foot  beach  at  Gemsah  (Nos.  2,031-2,057, 
Box  Na  58; ). 

Cyprssa  viteUus,  Linnnus. 

Cjfpraa  viUlku,  UmuBiti :  Systema  Natnr®,  10th  ed.  (1758),  p.  721. 

DiSTBiBunoN. — ^Aden  (E.  A.  Smith) ;    beach   deposits,  western 

shores  of  Bed  Sea  (Gray  &  Frembley) ;  Indian  Ocean,  Australia, 

New  Caledonia  (Tryon).     Coll.  Geol.  Surv.  Egypt :  raised  beach, 

Camp  6,  Wadi  Gueh  (Nos.  1,574,  etc..  Box  No.  62ifc). 

PamUy  NATICIDiE. 
Vatica  (Mammilla)  melanostoma,  Gmelin. 

NeriU  melanottoma,  Gmelin :    Systema  NatoroB,  13th  ed.  (1790),  toI.  i,  pt.  6, 
p.  8,674. 
DiSTBiBunoN.  —  Beach  deposits   of  Bed  Sea  (Fraas,   Gray  & 
Frembley)  ;    Bed    Sea   and    Indian    Ocean    (Issel)  ;    Mauritius, 
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Madagascar,  East  Indies,  Polynesia  (Tryon)  ;  Aden,  Bed  Sea^ 
Indian  Ocean,  and  parts  of  the  Pacific  (E.  A.  Smith).  OoU.  G^L 
Sunr.  Egypt :  Jebel  Zeit  (Barron)  ;  raised  beach  20  feet  above  sea 
at  Oharib  lighthonse  (Nos.  2,058-2,098,  Box  No.  18;);  recent 
beach  south  of  Gharib  lighthouse  (Nos.  2,198-2,216,  Box  No.  53/}  ; 
50  foot  beach  at  Gemsah  (Nos.  2,081-2,057,  Box  No.  58/). 

Family  CERITHIIDiE. 
Cerithinm  ossruleum,  G.  B.  Sowerby. 

Cmthium  cmruUumj  G.  B.  Sowerby:   Thesaurus  Conchyliomm,  toI.  ii  (1856), 
p.  866,  pi.  dxxix,  figs.  61,  62. 

DiSTBiBUTioM.— Bed  Sea  (Issel) ;  Bed  Sea  and  Indian  Ocean 
(Tryon)  ;  Aden,  Bed  Sea,  Indian  Ocean,  China,  Tonga  Islands 
(E.  A.  Smith).  Coll.  Geol.  Surv.  Egypt :  Jebel  Zeit  (Barron)  ; 
recent  beach  south  of  Oharib  lighthouse  (Nos.  2,198-2,216,  Box 
No.  53/) ;  raised  beach.  Camp  6,  Wadi  Gueh  (Nos.  1,559  and  1,561, 
Box  No.  60A; ;  Nos.  1,574,  etc.,  Box  No.  62Jb). 

Cerithium  columna,  O.  B.  Sowerby. 

Cerithium  eolumna,  G.  B.  Sowerby  :  Genera  of  Shells,  1834,  No.  42,  fig.  7. 
Distribution.  —  Mauritius,    Philippines    to    Central    Polynesia 
(Tryon) ;   Aden,  Bed  Sea,  Indian  Ocean,  Philippines,  eta  (E.  A. 
Smith).    Coll.  Geol.  Surv.  Egypt:  Bas  Gharib  (Barron). 
Cerithinm  erythrssonense,  Lamarck. 

Cerithium  erythrteonensi,  Lamarck :  Hist.  Nat.  Anim.  sans  Vert.,  toI.  yu  (18^» 
p.  70  {=tuberotumf  Reeve,  and  omistum,  Bayle). 
Distribution. — Desert  of  Attaka,  Suez,  Gulf  of  Akaba,  Bed  Sea, 
Madagascar  (Issel);  Red  Sea  (Tryon).  Coll.  GeoL  Surv.  Egypt: 
Bas  Gharib  (Barron)  ;  beach  east  of  Gharib  (Nos.  2,227-2,254, 
Box  No.  17;') ;  raised  beach  20  feet  above  sea  at  Gharib  lighthouse 
(Nos.  2,090-2,105,  Box  No.  20/) ;  recent  beach  south  of  Gharib 
lighthouse  (No.  2,204,  Box  No.  24/) ;  raised  beach,  Camp  G,  Wadi 
Gueh  (Nos.  1,559  and  1,561,  Box  No.  60Jfc). 

Cerithium  Buppelli,  Philippi. 
Cerithium  Ruppellij  Philippi :  Zeitsch.  Malakozoologie,  1848,  p.  22. 
Distribution. — Gulf  of  Suez  (Issel) ;  Bed  Sea  (Tryon) ;  Bed  Sea, 
Aden,  Seychelles  (E.  A.  Smith).     Coll.  Geol.  Sunr.  Egypt:  Becent 
beach  between  Jebel  Mellaha  and  Jebel  Zeit  (Nos.  2,162-2,167, 
Box  No.  2iy) ;   50  foot  beach  at  Gemsah  (Nos.  2,031-2,057,  Box 
No.  58;')  ;    beach  against  old  island   west  of  Camp  51,  south  of 
Gharib  lighthouse  (Nos.  2,021-2,030,  Box  No.  57^). 
Vertagus  asperum,  Linnnus  (var.). 
Murex  aeper^  Linnseus :  Systema  Naturae,  10th  ed.  (1758),  p.  766. 
Distribution. — I.  of  France  (B.M.) ;   beach  deposits  of  the  Bed 
Sea  (Issel).     Coll.  Geol.  Surv.  Egypt :  raised  beach,  Camp  6,  Wadi 
Gueh  (Nos.  1,574,  etc..  Box  No.  62fe). 

Vertagus  fasciatus,  Brugui^re. 

Cerithium  fasciatutHf  Brugui^re  :  Encyclop.  M6thodique,  1792,  Tol.  i  (yew.),  p.  474. 

DiSTBiBUTiON. — Bed  Sea,  Gulf  of  Akaba,  Indian  Ocean,  Philippines 

(Issel,  Tryon).     Coll.  Geol.  Surv.  Egypt:   Jebel  Zeit  (Barron); 
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50  foot  beacb  at  Oemsah  (Nos.  2,081-2,057,  Box  No.  58  ) ;  raised 
beaoh  east  of  Jebel  Esh  (Nos.  2472-2,190,  Box  No.  64/). 

Vertagus  Koohi,  Philippi. 

Ctrithwm  Koehi,  Philippi:  Zeitsch.  Malakozoologie,  1848,  p.  21. 

DiSTBEBunoN. — East  coast  of  Africa  (Tryon) ;   Aden,  Bed  Sea, 

Indian  Ocean,  Japan   (E.  A.  Smith).    Coll.  OeoL  Surv.  Egypt  r 

Jebel  Zeit  (Barron) ;  raised  beach  east  of  Jebel  Esh  (Nos.  2,172- 

2,190,  Box  No.  64/). 

Vartagos  recuryus,  G.  B.  Sowerby. 

Cerithium  rseurvtsMf  O.  B.  Sowerby:    ThesanroB  Conohyliorum,  toI.  ii  (1855)^ 
p.  864,  pL  cbavi,  figs.  16-18. 

DiSTBiBunoN.  —  Bed  Sea  (Tryon).  Coll.  Qeol.  Surv.  Egypt  :. 
beach  east  of  Qharib  (Nos.  2,227-2,254,  Box  No.  17;) ;  raised 
beaoh  20  feet  above  sea  at  Gharib  lighthouse  (Nos.  2,058-2098, 
Box  No.  18;) ;  50  foot  beach  at  Gemsah  (Nos.  2,031-2,057,  Box 
No.  58y) ;  raised  beach  east  of  Jebel  Esh  (Nos.  2,172-2,190,  Box 
No.  64/). 

Pirenella  mammillata,  Bisso. 

CerithUim  mammilkUum,  Riaso :   Hist.  Nat.  Europe  Mlridionale,  vol.  iv  (1826),. 
p.  168. 

Tryon  includes  in  this  species  eonica  of  Blainville,  cinerascetUU 
of  Pallas,  CaiUiaudi  of  Pot.  Ss  Mich. 

DiSTBEBunoN. — Mediterranean  and  Red  Sea  (Tryon) ;  Alexandria, 
Suez,  Egypt  (B.M.).  ColL  G^l.  Surv.  Egypt :  Becent  beach  south 
of  Gharib  lighthouse  (No.  2,217,  Box  No.  52/;  Nos.  2,198-2,216, 
Box  No.  5Sy) ;  beach  against  old  island  west  of  Gamp  51,  south  of 
Gharib  lighthouse  (Nos.  2,021-2,030,  Box  No.  57/). 

Family  MODULIDiE. 

Modulus  tectum,  Gmelin. 
Troehtu  tectum^  QmeUn :  Bystema  Natorse,  ISth  ed.  (1790),  vol.  i,  pt.  6,  p.  3,569. 
DisTBEBUTiON. — Bed  Sea,  Mauritius,  Indian  Ocean,  Sandwich  and 
Viti  Islands  (Tryon).     Coll.  Geol.  Surv.  Egypt :   east  of  Gharib^ 
(Nos.  2,227-2,254,  Box  No.  17/). 

Family  VEBMETrD-ffi. 
Vermetus,  sp.  indet. 

DiSTBiBunoN. — Coll.  Geol.  Surv.  Egypt:  raised  beach  20  feet 
above  sea  at  Gharib  lighthouse  (Nos.  2,058-2,098,  Box  No.  18/). 

Family  TUBBITELLID-^l. 

Turritella  trisuloata,  Lamarck. 
TwrriUtta  tritukata,  Lamarck :  Hist.  Nat.  Anim.  sans  Vert.,  vol.  vii  (1822),  p.  68. 
Distribution. — Gulf  of  Suez  and  in  the  beach  deposits  of  the 
Bed  Sea  (Issel);  Bed  Sea  (Tryon).  Coll.  GeoL  Surv.  Egypt: 
Gemsah,  50  foot  beach  (Nos.  2,031-2,057,  Box  No.  58y) ;  east  of 
Jebel  Esh  (Nos.  2,172-2,190,  Box  No.  64/). 
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Family  STROMBID^. 

Strombus  &sciatiu,  Born.     (PL  XX,  Fig.  3.) 

Strombus  faaeiatm.  Bom:  Testacea  Mus.  Csesarei  Yindobonensig,  1780,  p.  278 
(mlineatui,  Lam.). 
DiSTBiBunoN. — Red  Sea,  Gulf  of  Akaba,  and  beaoh  depoaiU  of 
tbe  Bed  Sea  (Issel) ;  Bed  Sea  to  PhUippines  (Tnron).  OolL  (}eoL 
Sarv.  Egypt :  Beoent  beach  between  Jebel  Mellana  and  Jebel  Zeit 
(No.  2,159,  Box  No.  10j\  and  Nos.  2,162-2,167,  Box  No.  2iy) ;  east 
of  Gharib  (Nos.  2,227-2,254,  Box  No.  17y) ;  south  of  Gharib  light- 
house (Nos.  2,198-2,216,  Box  No.  5Sj) ;  Gemsah,  50  foot  beaoh 
(Nos.  2,081-2,057,  Box  No.  58y) ;  east  of  Jebel  Esh  (Nos.  2,172- 
2,190,  Box  No.  64y) ;  camp  north  of  Wadi  Gueh,  west  of  Kosseir, 
80  feet  above  sea  (Nos.  1,655-1,657,  Box  No.  81/) ;  Bas  Gharib 
and  Jebel  Zeit  (Barron) ;  raised  beach  80  feet  above  sea,  Oamp  6, 
Wadi  Gueh  (No.  1,571,  Box  No.  SSk) ;  raised  beaoh.  Camp  6,  Wadi 
Gueh  (No.  1,572,  Box  No.  52Jfc,  and  Nos.  1,574,  etc.,  Box  No.  62k). 

Strombus  floridus,  Lamarck. 
Strmbutfloridm,  Lamarck:  Hist.  Nat.  Anim.  sans  Vert.,  toI.  Tii  (1822),  p.  211. 
Distribution. — Beach  deposits  near  Kosseir  (Fraas) ;  Kosseir 
and  Akaba  Gulf  (Issel) ;  Zanzibar,  Japan,  Australia  to  Viti  Islands 
(Tryon) ;  Bed  Sea,  Indian  Ocean,  Philippines  (E.  A.  Smith).  Coll. 
Geol.  Surv.  Egypt :  raised  beach  80  feet  above  sea,  Camp  6,  Wadi 
Gueh  (No.  1,871,  Box  No.  S8ib) ;  raised  beach,  Oamp  6,  Wadi  Gueh 
(Nos.  1,574,  etc.,  Box  No.  62ik). 

Strombus  fusiformis,  G.  B.  Sowerby. 
SUrmnhut  fut^ormit,  0.  B.  Sowerby :  Thesaaros  Conchylioram,  toI.  i  (1847),  pL  iz, 
figs.  91,  92. 

DiSTBiBunoM. — Gulf  of  Akaba  and  beaoh  deposits  of  the  Bed 
Sea  (Issel) ;  Aden,  Bed  Sea,  Indian  Ooean,  North  Australia  (E.  A. 
Smith)^  Coll.  (}eol.  Surv.  Egypt:  Gbmsah,  50  foot  beaoh  (Nos. 
2,031-2,057,  Box  No.  58y) ;  Bas  Gharib  and  Jebel  Zeit  (Barron). 

Strombus  trioornis,  Lamarck. 
JStr0mbu$  trieomis,  Lamarok :  Hist.  Nat.  Anim.  sans  Vert.,  toI.  Tii  (1822),  p.  201. 
Distribution. — Bed  Sea,  Kosseir,  East  Indies,  eta  (Issel) ;  Bed 
Sea,  Bourbon,  Seychelles,  Philippines  (E.  A.  Smith).  OolL  GeoL 
Surv.  Egypt:  raised  beach  80  feet  above  sea  at  Wadi  Gueh, 
-Oamp  5  (No.  1,607,  Box  No.  84;').  A  large  oast  in  sandstone  of 
most  probably  this  species  from  raised  beach  north  of  Kosseir  (No. 
2,187,  Box  No.  30y) ;  another  cast  which  may  have  belonged  to  this 
species  or  to  S,  BoneUi,  Brongniart,  from  raised  beaoh  880  feet 
-above  sea  near  Oamp  7,  Wadi  Shigeleh  (No.  1,618,  Box  No.  65ik). 

Canarium  dentatum,  Linnnus,  var.  erythrynum,  Ohemnitz. 
Stromhu  dtntatui,  Linnssus :  Sjstema  Natnns,  10th  ed.  (1758),  p.  745. 
Strombut  erythrynum,  Chemnitz:    Oonohylien-Cahinet,  toI.  zi  (1795),  p.    146, 
pi.  czoY,  figs.  1,874,  1,875. 

DiSTBisnTioN. — Bed  Sea  to  Australia  (Tryon) ;  Bed  Sea,  Indian 
Ooean,  etc  (E.  A.  Smith).  OolL  GeoL  Surv.  Egypt:  east  of 
-Gharib  (Nos.  2,227-2,254,  Box  No.  17/) ;   raised  beach  20  feet 
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above  sea  at  Oharib  ligbthonse  (Nos.  2,058-2098,  Box  No.  18^) ; 
Ras  Obarib  (Barron) ;  50  foot  beacb,  Oemsab  (No.  1,626,  Box 
No.  65ik). 

Canariom  g^bbemlom,  Linnnas.  (PL  XX,  Fig.  2.) 
Strombui  ffibberuiutf  LinnsBUS :  Systema  Naturae,  10th  ed.  (1768),  p.  744. 
Distribution.  —  Beacb  deposits  near  Kosseir  (Praas,  Qray  & 
Frembley) ;  Red  Sea  (Issel) ;  Bed  Sea,  Zanzibar  to  Philippinea 
(Tryon)  ;  Aden,  Red  Sea,  Indian  Ooean,  etc.  (E.  A.  Smitb).  Coll. 
Oeol.  Surv.  Egypt :  raised  beaoh  80  feet  above  sea,  Camp  6,  Wadi 
Gueb  (Nos.  1,655-1,657,  Box  No.  8iy,  and  No.  1,571,  Box  No.  SSh) ; 
raised  beach.  Camp  6,  Wadi  Gueb  (No.  1,598,  Box  No.  59k,  and 
No.  1,574,  etc..  Box  No.  62ik) ;  Jebel  Zeit  (Barron). 

PtOTOcera  millepeda,  Linnnas. 
Strombut  millfpeda,  Linnstu :  Systema  Nator®,  10th  ed.  (1758),  p.  743. 
DisTBiBUTioN. — ^Red  Sea  and  Indian  Ocean  (Issel) ;  Indian  Ooean 
to  Philippines  (Tryon).     Coll.  Qeol.  Surv.  Egypt :  50  foot  beach  at 
Gemsah,  south  of  Jebel  Zeit  (No.  1,819,  Box  No.  54/). 

FamUy  LAMPUSUD^  (=TBITONID^). 

Lampuiia  pilearis,  Lamarck. 

Triton pileare,  Lamarck:  Hiii  Nat.  Anim.  sans  Vert.,  toI.  tU  (1822),  p.  182. 

Distribution.  —  Beach  deposits  of  the  Red  Sea  (Gray  & 
Frembley,  Issel) ;  Red  Sea  to  Philippines  (Tryon) ;  Aden,  Red  Sea, 
Indian  and  Pacific  Oceans,  etc.  (E.  A.  Smith).  Coll.  QeoiL  Surv. 
Egypt :  50  foot  beach  at  Gemsah,  south  of  Jebel  Zeit  (Nos.  2,031- 
2,057,  Box  No.  58/). 

Apollon  tnberonlatum,  Broderip. 

Ramlla  tub^reuhia^  Broderip :  Proc.  Zool.  Soc.  London,  1832,  p.  179. 

DiSTBiBUTioN. — Red  Sea,  Indian  Ocean,  etc,  ^Tryon).    Coll.  G^ol. 

Surv.  Egypt :  Recent  beach  between  Jebel  Mellaha  and  Jebel  Zeit 

(Nos.  2,162-2,167,  Box  No.  2iy) ;  raised  beach,  Wadi  Gueb,  Camp  6 

(No.  1,587,  Box  No.  49it). 

Family  CASSIDID^. 
Cassis  (Casmaria)  nodulosa,  Gmelin. 

Bueeinum  nodulotum,  Qmelin:   Systema  NatursB,  13th  ed.  (1790),  toI.  i,  pt.  6, 
p.  3,479. 

(Vars.  =  torqnata.  Reeve,  vide  Tryon.) 
DiSTBiBUTiON.  —  Red    Sea    (Issel)  ;     Port    Jackson,    Australia 
(Tryon) ;  Aden,  Red  Sea,  Mozambique,  Andaman  Islands  (E.  A. 
Smith).    Coll.  Geol.  Surv.  Egypt :   raised  beach  20  feet  above  sea 
at  Gharib  lighthouse  (Nos.  2,090-2,105,  Box  No.  20/). 

Cassis  (Semicassis)  Isevigata?  Defranoe. 

Catiia  ktvigatay  Defrance:  Diet.  Sci.  Nat.  (Paris),  1817,  p.  210  (=  saburon,  Homes, 
non  Lamarck). 

This  species  is  represented  by  casts  only,  hence  its  identification 
is  a  little  doubtful. 

Distribution. — Miocene :  Vienna  Basin.  Pliocene :  Italian  Basin. 
Coll.  Geol.  Surv.  Egypt:   raised  beaoh  east  of  Jebel  Esh  (Nos. 
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2,172-2,190,  Box  No.  64;') ;  raised  beach  380  feet  above  sea  near 
Camp  7,  Wadi  Shigeleh  (No.  1,642,  Box  No.  42*). 

Family  DOLUD-^l. 
Dolinm  variegatam,  Lamarck. 

DoUum  variegattm,  Lamarck :  Hist.  Nat.  Anim.  sans  Vert.,  toI.  Tii  (1822),  p.  261. 
DiSTBiBUTiON. — Golfs  of  SuGz  and  Akaba  (Issel) ;  North  Australia 
(Tryon).     OolL  G^l.  Sorr.  Egypt:  raised  beach  2  or  3  feet  above 
sea-level  at  (}emsah  Bay,  near  Jebel  Zeit,  ooUeoted  by  Dr.  Home. 

Bolinm  (Perdix)  perdix,  Linnssas. 

Bueeimm  perdix,  Limuenfl :  Systema  Naturae,  10th  ed.  (1758),  p.  734. 

Distribution. — Beach  deposits  on  the  western  shores  of  the  Bed 
Sea  (Gray  &  Frembley) ;  Indian  Ocean  to  Poljrnesia  (Tryon) ; 
West  Indies,  West  Africa,  Indian  and  Pacific  Oceans  (E.  A.  Smith). 
OoU.  Geol.  Surv.  Egypt :  beach  near  Dahab,  Sinai  (No.  4,325,  Box 
No.  480. 

Family  FASCIOLARIID-ffi. 

Fusns  polygonoides,  Lamarbk. 

Fu9ut polyg<mo%d$9y  Lamarck :  Hist.  Nat.  Anim.  sans  Yert.,  toI.  Tii  (1822),  p.  129. 

Distribution. — Bed  Sea  (Issel) ;  Eastern  seas  (B.M.) ;  East 
Indies  (Tryon).  Coll.  Geol.  Surv.  Egypt:  Has  Gharib  (Barron)  ; 
Recent  beach  south  of  Gharib  lighthouse  (No.  2,203,  Box  No.  23^)  ; 
beach  against  old  island  west  of  Camp  51,  south  of  Gharib  light- 
house (Nos.  2,021-2,030,  Box  No.  57/) ;  raised  beach  380  feet 
above  sea  near  Camp  7,  Wadi  Shigeleh  (No.  1,642,  Box  No.  42]k). 

Latirus  turritus,  Gmelin. 

Valuta  twrrita,  Gmelin :  Systema  Natune,  13th  ed.  (1790),  toI.  i,  pt.  6,  p.  3,456. 
Distribution. — Bed  Sea,  Philippines,  Australia,  Polynesia  (Tryon). 
Coll.  G^ol.  Surv.  Egypt:  raised  beach.  Camp  6,  Wadi  Gueh  (No. 
1,597,  Box  No.  55ik). 

Family  TUEBINELLID^. 
Melongena  (Volema)  paradislaoa,  Beeve. 

I)frula paraditiaea,  Reeve:  Conchologia  Iconica,  vol.  iv  (1847),  fig.  17  {=TyruU 
nodosa,  Lamarck). 

Distribution. — Desert  of  Attaka  and  Bed  Sea  (Issel)  ;  Bed  Sea 
^and  Ceylon  (Tryon) ;  Aden,  Bed  Sea,  Mozambique,  Natal,  Ceylon, 
Bourbon  (E.  A.  Smith).  Coll.  Geol.  Surv.  Egypt :  Beoent  beach 
between  Jebel  Mellaha  and  Jebel  Zeit  (No.  2,159,  Box  No.  10/)  ; 
^0  foot  beach  at  Gemsah  (Nos.  2,031-2,057,  Box  No.  58y). 

Vasum  oomigerum,  Lamarck.  (PL  XX,  Fig.  12.) 
TitrbineUa  eomigera,  Lamarck :  Hist.  Nat.  Anim.  sans  Vert.,  vol.  yii  (1822),  p.  105. 
Distribution. — Beach  deposits  near  Eosseir  (Fraas) ;  Bed  Sea 
and  Indian  Ocean  (Issel) ;  Philippines  (Tryon).  Coll.  G^eoL  Surv. 
Egypt :  raised  beach  80  feet  above  sea,  Camp  6,  north  of  Wadi 
Oueh,  west  of  Eosseir  (Nos.  1,653,  1,654,  Box  No.  80y) ;  raised 
i)each.  Camp  6,  Wadi  Gueh  (No.  1,595,  Box  No.  32i). 
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PamUy  MITRID^. 

Hitra  Bovei,  Eiener. 
Jfitra  Bovii,  Kiener:    Sp^es  G^n^ral  Icon.  Coq.  YiTantes,  nKmograph  Kitra, 
p.  9,  pi.  ii,  fig.  6. 
DisTBiBunoN. — ^Bed  Sea  (Issel,  Trjon);  beaoh  deposits  of  the 
Bed  Sea  (Issel).     ColL  Qeol.  Surv.  Egypt:  raised  beach  20  feet 
^bove  sea  at  Gharib  lighthouse  (Nos.  2,058-2,098,  Box  No.  18/). 

Hitra  (Chrysame)  mbiginea,  A.  Adams. 

intra  rubigmeq,  A.  Adams :  Proc.  Zool.  Soc.  London,  1854,  p.  134. 
DiSTBiBunoN. — Mauritius  and  New  Caledonia   (Tryon).     Ooll. 
<3tQo\,  Surv.  Egypt:    Recent  beaoh  between  Jebel  Mellaha  and 
-Jebel  Zeit  (Nos.  2,162-2,167,  Box  No.  2iy). 

Hitra  (Chrysame)  Buppelli,  Beeve. 

Mitra  Buppelli^  ReoTO :  Conchologia  Iconica,  vol.  ii  (1844),  pL  xxiii,  fig.  179. 

DiSTBiBUTioN. — Beach  deposits  of  the)  Bed  Sea  (Issel) ;  Qnlf  of 
Akaba  (Issel) ;  Bed  Sea  (Tryon).  Coll.  Geol.  Surv.  Egypt :  raised 
^aoh  20  feet  above  sea,  Gharib,  lighthouse  (Nos.  2,058-2,098,  Box 
No.  18y). 

Family  BUCCINID^. 

PiNUiia  ignea,  Gmelin. 

JSueeinum  igneum,  Qmelin:    Systema  ^Naturse,   13th  ed.    (1790),  toL  i,  pt.   6, 
p.  3,494. 

Distribution. — ^Bed  Sea  to  Philippines  (Tryon).  Coll.  Geol. 
Surv.  Egypt :  raised  beaoh  20  feet  above  sea,  Gharib  lighthouse 
CNos.  2,058-2,098,  Box  No.  18^). 

Colnmbella  fasoiata,  G.  B.  Sowerby. 

ColumheUa  fuciata,  G.  B.  Sowerby:    Cat  Shells  Coll.  Tankenrille,  Appendix, 
1829,  p.  25. 

DisTBiBUTioN. — Java  (Tryon).  Coll.  Geol.  Surv.  Egypt:  50  foot 
beach,  Gemsah  (Nos.  2,031-2,057,  Box  No.  58y) ;  raised  beaoh 
^0  feet  above  sea  at  Gharib  lighthouse  (Nos.  2,058-2,098,  Box 
No.  18y). 

Vassa  pulla,  Linnnus. 

Buccinttm  pullus,  Linnseus:  Systema  NatursB,  lOth  ed.  (1758),  p.  737. 
Distribution. — Bed  Sea  (Issel) ;  Bed  Sea  to  Philippines  (Tryon) ; 
Aden,  Bed  Sea,  Java,  Philippines  (E.  A.  Smith).    Coll.  Geol.  Surv. 
Egypt :  east  of  Gharib  (Nos.  2,227-2,254,  Box  No.  17y) ;  raised 
beach.  Camp  6,  Wadi  Gueh  (No.  1,587,  Box  No.  49A;). 

Vassa  (Alectryon)  glans,  Linnsdus. 
Bueeinwn  glans,  Linnseus :  Systema  Natune,  10th  ed.  (1758),  p.  737. 
DiSTBiBUTioN. — Japan,  Philippines,  Australia  (Tryon).  Coll.  Geol. 
Surv.  Egypt:  Bas  Gharib  (Barron). 

Family  MUBICID-ffi. 

Mnrex  tendspina,  Lamarck. 

Murm  temitpinaf  Lamarck :  Hist.  Nat.  Anim.  sans  Vert.,  vol.  Tii  (1822),  p.  158. 

Distribution.  —  Bed  Sea  to  Philippines   (Issel,  Tryon) ;  Bed 

iSea,  Indian  Ooeau,  Chinay  Philippines,  Japan  (E.  A.  Smith).    Coll. 
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Oeol.  Snrv.  Egypt:   beach  against  old  island  west  of  Gamp  51, 
south  of  Gharib  lighthouse  (Nos.  2,021-2,050,  Box  No.  57; ). 

Chioorens  anguliferus,  Lamarok.  (PI.  XX,  Fig.  11.) 
Murex  anffuUfirui,  Lamarck :  Hist.  Nat.  Anim.  sans  Vert,  toI.  tu  (1822),  p.  171. 
DiSTBiBunoM.— Oulf  of  Akaba  and  beach  deposits  of  the  Bed 
8ea  (Issel) ;  Bed  Sea  and  Indian  Ocean  (Tryon) ;  Aden,  Bed  Sea» 
Persian  Qulf,  Indian  Ocean,  Seychelles,  Ceylon  (E.  A.  Smith). 
Coll.  €^1.  Sunr.  Egypt :  Becent  beach  south  of  Qharib  lighthouse 
(No.  2,201,  Box  No.  22/). 

Sistnun  cancellatam,  Quoy  &  Oaimard. 
Ifurex  eaneeUaia,  Quoy  k  Gaimard:   Dumont  d'Unrille's  "Voyage  I'Astrolabe,*^ 
Tol.  ii  (1832),  p.  563,  pi.  xxxrii,  figs.  15,  16. 

DiSTBiBunoN. — Philippines  to  Sandwich  Islands  (Tryon).  Coll. 
Oeol.  Surv.  Egypt:  beach  east  of  Oharib  (Nos.  2,227-2,254,  Box 
No.  17/). 

Sistrum  elatum,  Blainville. 
Purpwfu  elata,  Blainyille :  Nouv.  Ann.  Mus.  (Paris),  toI.  i  (1882),  p.  207,  pi.  xi, 
fig.  1. 
Distribution. — Philippines,  etc.  (Tryon) ;  Bed  Sea,  New  Holland, 
Philippines  (E.  A.  Smith).  Coll.  Geol.  Surv.  Egypt :  Bas  Qharib 
(Barron) ;  beach  east  of  Gharib  (Nos.  2,227-2254,  Box  No.  17/) ; 
raised  beach  20  feet  above  sea  at  Gharib  lighthouse  (Nos.  2,058- 
2,098,  Box  No.  18/) ;  recent  beach  between  Jebel  Mellaha  and 
Jebel  Zeit  (Nos.  2,162-2,167,  Box  No.  21/);  50  foot  beach, 
Gemsah  (Nos.  2,031-2,057,  Box  No.  58/). 

Family  COBALLlOPHILIDiE. 
Magilus  antiquus,  De  Montfort 

MagiUu  antiquui,  De  Montfort :  Conchyliologie  Syst^matique,  vol.  ii  (1810),  p.  42. 

Piercing  a  coral,  CcBloria  Arabica, 

Distribution.— Bed  Sea  (Issel,  Tryon).  Coll.  Geol.  Surv.  Egypt  r 
Jebel  Zeit  (No.  780,  Box  No.  49/) ;  beach  east  of  Gharib  (Noe. 
2,227-2,254,  Box  No.  17/). 

Family  OLIVIDiE. 
Oliva  (Carmione)  inflata,  Lamarck. 

OHva  injlata,  Lamarck  :  Hist.  Nat.  Anim.  sans  Vert.,  vol.  yii  (1822),  p.  429. 

Distribution. — Beach  deposits  of  the  Bed  Sea  (Issel)  ,*  Bed  Sea,. 
East  Africa,  Madagascar,  Seychelles  (Tryon) ;  Bed  Sea,  Persian 
Gulf,  Madagascar,  Zanzibar,  Mauritius,  Ceylon,  etc.  (E.  A.  Smith) » 
Ck)ll.  Geol.  Surv.  Egypt :  Becent  beach  between  Jebel  Mellaha  and 
Jebel  Zeit  (Nos.  2,162-2,167,  Box  No.  21/);  shore  and  raised 
beach,  Bas  Mohamed,  Sinai  (No.  3,530,  Box  No.  45/). 

Oliva  (Ispidula)  ispidula,  LinnsBus. 
Voluta  itpidula,  Linnseus :  Systema  Naturx,  10th  ed.  (1758),  p.  730. 
Distribution. — Indian  Ocean,  Philippines  (Tryon).     Coll.  Geol. 
Surv.  Egypt:    raised  beach  east  of  Jebel  Esh  (Na  2,172-2,190,. 
Box  No.  64/). 
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Ancilla  oinnamomea,  Lamarok. 

Aneiiiaria  ct'nnamomea,  Lamarck :    Hist.  Nat.  Anim.  sans  Vert.,  Tol.  Tii  (1822), 
p.  413  (=  erasaa  and  aUnauleata,  0.  B.  Sowerby,  vide  Tryon). 

DiSTBiBUTioM. — Bed  Sea  (Issel) ;  Red  Sea,  Persian  Gulf,  Zanzibar 
(Tryon) ;  Aden  (E.  A.  Smith).  Coll.  (Jeol.  Surv.  Egypt :  raised 
beaoh  20  feet  above  sea  at  Gharib  lighthouse  (Nos.  2,090-2,105,  Box 
No,  20y). 

Anoilla  (Sparella)  aonminata,  G.  B.  Sowerby. 

AneiUaria  acuminata,  G.  B.  Sowerby:   Thesaonu  Concbyliorom,  toI.  iii  (1866), 
pi.  coxiy,  figs.  66,  67. 
Distribution. — Bed  Sea,  Aden,  Indian  Ooean  (E.  A.  Smith) ; 
Bed   Sea,   Zanzibar    (Tryon).      Coll.   Geol.  Surv.   Egypt:    raised 
beach.  Camp  6,  Wadi  Gneh  (Nos.  1,574,  etc.  Box  No.  62A;). 

Family  PLEUROTOMIDiE. 
Plenrotoma  Oamonsi,  Beeye.     (PL  XX,  Fig.  10.) 
Fleurotoma  Oarnotm,  Reeve :  Concbologia  Iconica,  toI.  i  (1843),  pL  i,  fig.  4. 
DiSTBiBUTioN. — Bed  Sea  to  Java   (Tryon).    Coll.  Geol.  Surv. 
Egypt :  Gemsah,  50  foot  beach  (Nos.  2,081-2,057,  Box  No.  58;'). 

Family  TEREBBID^. 
Terebra  Babylonia,  Lamarck. 
Terebra  Babylonia,  Lamarck :  Hist.  Nat.  Anim.  sans  Vert.,  toI.  vii  (1822),  p.  287. 
Distribution. — China,  Viti  Islands  (Tryon).    Coll.  Geol.  Surv. 
Egypt :  Jebel  Zeit  (Barron). 

Terebra  cancellata,  var.  colnmeUaris,  Hinds. 

Terebra  eaneellaia,  Quoy  &  Gaimard:  Dumont  d'Urvllle's  ''Voyage  1* Astrolabe,*' 

vol.  ii  (1832),  p.  471,  pL  xxxvi,  figs.  27,  28. 
Terebra  eolumellarie,  HindB :  Proo.  Zool.  Soo.  London,  1843,  p.  151. 

Distribution.  —  Moluccas,  Philippines,  Yiti  Islands,  Sandwich 
Islands  (Tryon).     Coll  GeoL  Surv.  Egypt:  Jebel  Zeit  (Banon). 
Terebra  consobrina,  Deshayes. 

Terebra  eoneobrina,  Deehayes :  Proc.  Zool.  Soc.  London,  1859,  p.  305. 
Distribution. — Bed  Sea  (Issel,  Tryon).    (3olL  Geol.  Surv.  Egypt : 
Beoent  beaoh  between  Jebel  Mellaha  and  Jebel  Zeit  (Nos.  2,162- 
2,167,  Box  No.  2iy) ;  Gemsah,  50  foot  beach  (Nos.  2,031-2,057, 
Box  No.  58y)  ;  Sinai  (Box  No.  3,5161). 

Terebra  crenifera,  Deshayes. 

Terebra  eremfera^  DeBhayes:  Proc.  Zool.  Soc.  London,  1859,  p.  298  {^eingulifera^ 
Lamarck,  vide  Try  on). 

Distribution.  —  Philippines,  New  Ireland,  Viti  Islands,  China 
(Tryon) ;  China  Sea  (B.M.).  Coll.  Geol.  Surv.  Egypt :  50  foot 
beaoh  at  Gemsah  (Nos.  2,031-2057,  Box  No.  58y). 

Terebra  dnplioata,  Linnsaus.  (PL  XX,  Fig.  6.) 
Bueeinum  duplieatum,  Linnsns :  Systema  Nature,  10th  ed.  (1758),  p.  742. 
Distribution. — Beach  deposits  of  the  Bed  Sea  (Gray  &  Frembley, 
Issel) ;  Gulf  of  Akaba,  Zanzibar,  China,  Madagascar,  Moluccas 
(Issel,  Tryon).  CoU.  Geol.  Surv.  Egypt:  east  of  Gharib  (Nos. 
2,227-2,254,  Box  No.  17f') ;  Gharib  lighthouse,  20  feet  above  sea 
(Nos.  2,090-2,105,  Box  No.  20/) ;  Gemsah,  50  foot  beach  (Nos. 
2,031-2,057,  Box  No.  58;') ;  Jebel  Zeit  (Barron). 
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Terebra  (Snbnla)  maoolata,  Linnaous.    (PL  XX,  Fig.  7.) 

Buecinum  maculatumj  Liimseiis :  Systema  Naturae,  10th  ed.  (1758),  p.  741. 
Distribution. — Galf  of  Suez,  Golf  of  Akaba,  Society  Islands, 
Holnocas,  Australia    (Issel,  Tryon).      OolL  Qeol.  Surv.  Egypt : 
lower  ooral  reef  north  of  Bas  Mohamed  or  Qhazlandi  Bay  (No. 
3,602,  Box  No.  411). 

{To  be  concluded  in  our  next  Ifumber,) 

V. — Note  on  thjb  Horizon  and  Looality  of  Sowrrby's  Ttpr- 

Spkoimkn  of  Nautilus  tbuncatus. 

By  O.  C.  Cbick,  F.G.8.,  of  the  British  Museum  (Natural  History). 

J^AUTILUS   TBUNOATUS  was  described  and  figured   by 

J.  Sowerby  in  the  "Mineral  Conohology,"  vol.  ii,  p.  49, 

pi.  oxziii,  April,   1816,  his    description   and    remarks   being   as 

follows : — 

**8pec  char.  Thick,  flatted,  plain,  umbilicate;  back  flat,  mouth 
elongated,  four-angled :  siphuncle  nearest  to  the  inner  margin  of 
the  septum. 

"  8yn.    Lister,  1048. 

''Thickness  rather  less  than  half  the  diameter;  the  sides  are 
rather  conical  and  even.  Mouth  above  half  the  diameter  of  the 
shell,  long,  narrowest  towards  the  back,  siphuncle  oval.  Septa  very 
numerous,  not  recurved  towards  the  umbilicus. 

"  A  fine  specimen  of  this  species  is  figured  by  Lister,  measuring 
ten  inches  in  the  longest  diameter;  no  doubt,  when  perfect  it  is 
sometimes  much  larger :  mine  is  eight  inches,  I  figure  a  part  of  it, 
as  sufficient ;  the  remainder  is  a  broken  continuation  of  it  I  have 
never  seen  the  last  chamber.  This  is  composed  of  a  mixture  of 
dark  lias  limestone  and  pyrites,  found  at  Eeynsham,  S.E.  of 
Bristol.  It  is  also  said  to  be  found  in  the  blue  lias  of  Bath,  etc. 
Lister  does  not  say  where  his  specimen  was  found ;  his  figure  shows 
about  three  whorls,  mine  did  not  expose  them ;  possibly  when  the 
shell  is  removed  the  whorls  may  be  uncovered.  Mine  has  fragments 
of  the  shell  of  considerable  thickness  about  it,  indicating  that  it  was 
smooth  when  perfect." 

Sowerby's  type-specimen,  of  which  only  a  portion  was  figured, 
is  now  in  the  British  Museum  collection  (register  No.  44,117a). 
In  his  remarks,  Sowerby  says  he  had  never  seen  the  last  chamber, 
by  which  statement  he  must  mean  that  he  had  not  seen  the  whole  of 
the  last  chamber,  for  half  of  the  unfigured  portion  of  the  specimen 
is  an  internal  cast  of  a  portion  of  the  body-chamber,  the  rest  being 
composed  of  internal  casts  of  the  last  four  loculi  ^  or  camersd.  The 
umbilicus  was  evidently  dosed.' 

In  his  "  Supplemental  Index "  (p.  251)  to  vol.  ii  of  Sowerby's 
"Mineral  Conchology,"  Farey  gives  for  this  species  the  localities 
''Bath  W,  and  Keynsham." 

*  Usually  called  *  air-chambers.* 

*  The  specimen  fig:ured  by  Lister  evidently  had  an  open  umbilicus,  and,  judging 
by  the  figure,  it  was,  I  belieye,  from  the  Calcareous  grit,  and  is  referable  to  J .  de  C. 
JBowerby's  Nautilus  hexagonm  (Min.  Conch.,  toI.  vi,  1826,  p.  55,  pi.  dxxix,  fig.  2). 
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On  aooonnt  of  the  horizon  and  locality  that  Sowerby  ascribed  to 
this  specimen,  the  species  has  been  usually  regarded  as  of  Liower 
Liassic  age,  but  the  matrix  differs  entirely  from  that  of  the 
Ammonites  from  Eeynsham  that  are  in  the  British  Museum 
collection,  and  Mr.  Etheridge,  who  is  well  acquainted  with  the 
rocks  at  Eeynsham,  after  examining  the  specimen,  tells  me  that 
it  is  certainly  not  from  that  locality.  Moreover,  if  the  specimen  had 
been  found  at  Eeynsham  it  seemed  to  me  most  probable  that  there 
would  be  examples  of  the  species  in  the  Bristol  Museum,  but 
Mr.  Bolton,  the  Curator  of  that  Museum,  having  at  my  request 
looked  over  all  the  Liassic  Cephalopoda  there,  tells  me  that  he  cannot 
find  an  example  of  Nautilus  truncatus. 

During  an  examination  of  some  Jurassic  Nautili  in  the  British 
Museum,  Mr.  S.  S.  Buckman,  some  time  since,  suggested  to  me  that 
the  specimen  was  not  from  the  Lias,  but  possibly  from  "the 
Fullers'  Earth  in  the  neighbourhood  of  Midford,  containing 
Bhynehonella  like  varians,'*  With  reference  to  this  suggestion 
I  can  only  state  that  there  is  no  record  of  a  Nautilus  from 
the  Fullers'  Earth  in  H.  B.  Woodward's  Memoir  on  the  Lower 
Oolitic  rocks  of  England  and  Wales  (Mem.  Qeol.  Survey),  and  so  tar 
as  I  am  aware  no  example  has  yet  been  recorded  from  that  deposit 

Fortunately  there  are  remains  of  other  fossils  in  the  infilling  of 
the  body-chamber  of  the  specimen;  these  include  Bhynehonella, 
Myacites,  Astarte,  Isocardia,  Ostrea,  a  Gasteropod  (probably  ^idima), 
and  a  portion  of  a  fish-tooth  which  Dr.  Smith  Woodward  has 
identified  as  Strophodus, 

The  matrix  of  the  specimen,  the  mode  of  preservation,  and  the 
associated  fossils  led  me  to  think  that  the  fossil  was  of  Gombrash 
age.  I  therefore  carefully  examined  the  Combrash  Nautili  in  the 
British  Museum  collection.  With  one  exception  these  came  from 
a  small  pit,^  which  was  temporarily  opened  some  years  ago  in  the 
neighbourhood  of  Bedford,  where  they  occurred  with  such  charac- 
teristic Combrash  fossils  as  '  Ammonites '  discus,  Waldheimia  ohovata, 
Nudeolites  dunieularis,  Ebleetypus  depressus,  Pygurus  Miehelini,  eta, 
and  on  comparison  I  found  them  to  agree  in  all  respects  so  perfecUy 
with  Sowerby's  type-specimen  that  there  cannot  be  the  slightest 
doubt  as  to  the  identity  of  the  species.  The  largest  example  of  thia 
species  in  the  collection  is  about  13^  inches  in  diameter. 

My  conclusions,  then,  with  regard  to  Sowerby's  type  are  (i)  that  it 
is  not  of  Liassic  age,  (ii)  that  it  did  not  come  from  Eeynsham,  and 
(iii)  that  it  came  from  the  Combrash,  but  from  what  locality  I  do 
not  venture  to  suggest 

Mr.  E.  T.  Newton,  of  the  Oeological  Survey,  and  Prof.  J.  F.  Blake, 
who  has  quite  recenUy  made  a  special  study  of  the  Combrash,  have 
examined  the  fossil,  and  I  am  pleased  to  be  allowed  to  state  that  both 
support  me  in  my  conclusions  as  to  the  age  of  the  specimen. 

^  This  pit  was  known  to  the  writer  as  the  "  Midland  Railwaj  Pit "  ;  it  was  on  the 
sonth-westem  side  of  the  town,  on  the  small  piece  of  ground  on  the  western  side  of« 
And  adjoining,  the  main  line  of  the  Midland  Railway,  and  between  the  Kempston 
Eoad  and  the  riyer.  I  believe  the  stone  was  excavated  for  building  a  wall  at  the 
northern  end  of  the  Ampthill  Tunnel. 
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British    Association    fob    the    Advangement    of    Scibmge, 
Bradford,  1900. 

Address  to  the  Zoologioal  Seotion.    By  Bamsat  H.  Traquaib, 
M.D.,  LL.D.,  F.RS.,  President  of  the  Section.  (Slightly  abridged.) 

{Concluded  from  the  October  Number,  p,  470.)' 

COMINO  now  to  say  a  word  regarding  the  Elasmobranohii,  it  is 
plain  from  the  fin-spines  found  i^  Upper  Silurian  rocks  that  they 
are  of  very  ancient  origin,  and  that  if  we  only  knew  them  properly 
they  would  have  a  wonderful  tale  of  evolution  to  tell.  But  their 
internal  skeleton  is  from  its  nature  not  calculated  for  preservation, 
and  for  the  most  part  we  only  know  those  creatures  from  scattered 
teeth,  fin-spines,  and  shagreen,  specimens  showing  either  external 
configuration  or  internal  structure  being  rare,  especially  in  Palsdozoio 
strata.  But  from  what  we  do  know,  there  is  no  doubt  that  the 
ancient  sharks  were  less  specialized  than  those  of  the  present  day, 
and  that  the  recent  Notidanids  still  preserve  peculiarities  which 
were  common  in  the  Selachii  of  past  ages. 

If  we  ask  whether  the  fossil  sharks  throw  any  light  on  the 
disputed  origin  of  the  paired  limbs,  whether  from  the  specialization 
of  right  and  left  lateral  folds,  or  whether  that  type  of  limb  called 
'  archipterygium '  by  Gegenbaur,  consisting  of  a  central  jointed  axis 
with  pre-  and  post-axial  radial  cartilage  attached,  was  the  original 
form,  I  fear  we  get  no  very  definite  answer  from  Elasmobranch 
palsdontology.  The  paired  fins  of  the  Upper  Devonian  shark, 
Cladoselaehet  as  described  by  Bashford  Dean,  Smith  Woodward,  and 
others,  seem  to  favour  the  lateral  fold  theory,  and  Cope  pointed  to 
the  right  and  left  series  of  small  intermediate  spines  which  in  some 
Lower  Devonian  Acanthodei  (Parexus  and  Climatius)  extend  between 
the  pectorals  and  ventrals  as  evidence  of  a  former  continuous  lateral 
fin.  So  also,  if  I  am  right  in  looking  on  the  lateral  flaps  of  the 
Ooelolepidad  as  fins,  the  evidence  of  these  ancient  Ostracodermi  would 
be  in  the  same  direction. 

But,  on  the  other  hand,  we  have  the.  remarkable  group  of 
PleuracanthidsB,  extending  from  the  Lower  Permian  back  to  the 
Upper  Devonian,  in  which  the  paired  fins  are  represented  by  an 
'  archipterygium  '  which  in  the  pectoral  at  least  is  biserial. 

From  this  biserial  '  archipterygium '  in  the  Pleuraoanthidad, 
Professor  A.  Fritsch,  ten  years  ago,'  derived  the  tribasal  arrange* 
ment  of  modem  sharks,  much  acco^ing  to  the  Gegenbaurian  method^ 
effecting,  however,  a  compromise  with  the  lateral  fold  theory  by 
assuming  that  the  Pleuracanth  form  originated  from  one,  consisting 
of  simple  parallel  rods,  like  that  described  in  Cladoielache. 

^  The  reader  is  requested  to  note  the  following  errata  in  the  part  of  this  Addreas 
puhlished  in  our  last  number,  namely,  at  p.  465,  line  30,  for  *< Under*'  read 
**  Unless,"  and  in  line  31  delete  the  semicolon  after  <*  pectorals.'* 

*  <*  Fauna  der  Oaskohle  und  der  Kalksteine  der  Permformation  Bohmens,'^ 
vol.  iii,  pt.  1  (Prague,  1890),  pp.  44-45. 
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In  my  desoription  of  tbe  peotoral  fin  of  the  Carboniferous  Cladodus 
Neihoni,^  I  have  shown  that  the  cartilaginous  structures  apparently 
present  an  uniserial  archi pterygium  intermediate  between  the  arrange- 
ment in  Pleuracanthus  and  that  in  the  modern  sharks,  but  I  felt 
compelled  to  acknowledge  that  the  specimen  might  also  be  interpreted 
in  exactly  the  opposite  way,  namely,  as  an  example  of  a  transition 
from  the  *  ptychopterygium '  of  Cladoselache  to  the  Pleuracanth  and 
Dipnoan  limb.  And  so,  in  fact,  this  fin  of  Cladodus  is  claimed  in 
support  of  their  views  by  both  parties  in  the  dispute. 

When  we  add  that  Semon  emphaticallj'  denies  that  there  is  any 
proof  for  considering  that  the  peotoral  fin  of  Cladoselache  is  primitive 
in  its  type,'  and  that  Campbell  Brown,  in  his  recent  paper  on  the 
Mesozoic  genus  Eybodus,^  supports  Gegenbaur's  theory,  it  will  be 
«een  that  Elasmobranch  palaeontology  has  not  as  yet  uttered  any 
very  clear  or  decided  voice  on  the  question  as  to  whether  the 
so-called  archipterygium  is  the  primary  form  of  paired  fin  in  the 
fish,  or  only  a  secondary  modification.  We  shall  now  inquire  if  we 
€an  obtain  any  more  light  on  the  subject  from  the  Crossopterygii 
and  Dipnoi. 

The  Crossopterygii  are  a  group  of  Teleostomous  fishes  characterized 
externally  by  their  jugular  plates  and  lobate  paired  fins,  and  repre- 
sented in  the  present  day  only  by  the  African  genera  Polypterus  and 
Calamoichthys,  which  together  form  the  peculiar  family  Polypteridn. 
The  Crossopterygii  appear  suddenly  in  the  middle  of  the  Devonian 
period,  their  previous  ancestry  being  unknown  to  us. 

Four  families*  are  known  to  us  in  Palsdozoic  times — the  Osteo- 
lepidce,  Bhizodontidce,  Holoptychiidce,  and  Coelacanthidn — but  it 
is  only  with  the  first  three  that  we  have  at  present  to  deal.  The 
Osteolepidse  and  Bbizodontidsd,  which  appear  together  in  Middle 
and  die  out  together  in  Upper  Palaeozoic  times,  resemble  each  other 
very  closely.  In  both  we  have  the  paired  fins,  more  especially  the 
pectoral,  obtusely  or  subacutely  lobate ;  there  are  two  separate  dorsal 
fins,  one  anal,  and  the  caudal,  which  is  usually  heterocercal,  though 
in  some  genera  it  is  more  or  less  diphyoercal.  In  both  the  teeth  are 
oonical  and  have  the  same  complex  structure,  the  dentine  being 
towards  the  base  thrown  into  vertical  labyrinthic  folds,  exactly  as 
in  the  Stegocephalian  Labyrinthodonts,  and  this  along  with  the 
lung-like  development  of  the  double  air-bladder  in  the  recent 
Polypteridad  has  given  rise  to  the  view  that  from  these  forms  the 
Stegooephalia  have  originated.  The  nasal  openings  must  have  been 
on  the  under  surface  of  the  snout,  as  in  the  DipnoL 

Of  these  two  so  closely  allied  families  we  must  conclude  that  the 
Osteolepidas  are  the  more  primitive,  as  in  them  the  scales  are  acutely 
rhombic  and  usually  covered  with  a  thick  layer  of  ganoine,  while 

*  Trans.  Geol.  Soc.  Glasgow,  vol.  xi,  pt.  1  (1897),  pp.  41-60. 

^  *'  Die  Entwickelong  der  paarigen  Flossen  des  Ceratodus  Fortteri  "  ;  Jena,  1898. 
'  "XJeber  das  Genus  Hybodus  und  seine  systematische  Stellong"  :   Palseonto- 
graphica,  vol.  xlvi  (1900). 

*  Five,  if  we  include  the  singular  and  still  imperfectly  known  Tarrasiidts  of  the 
Lower  Carboniferous. 
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in  the  BhizodontidaB  they  are  roanded,  deeply  imbrioating,  and 
normally  devoid  of  the  ganoine  layer,  which,  however,  occaaionally 
reonrs  on  the  Boales  of  Bhizodopsis  and  the  fin-rays  of  Oyroptychiw. 

What,  then,  of  the  structure  of  the  paired  fins  ?  Fortunately,  in 
the  Bhizodont  genera  Tristichopierus  and  £u8thenopteron  the  internal 
skeleton  of  the  lobe  was  ossified,  and  what  we  see  dearly  exhibited 
in  the  pectoral  of  some  specimens  is  striking  enough.  We  have 
a  basal  piece  attached  to  the  shoulder-girdle  and  followed  by  a  median 
axis  of  four  ossicles  placed  end  to  end.  The  first  of  these  shows 
on  its  postaxial  margin  a  strong  projecting  process,  while  to  its 
preaxial  side,  close  to  its  distal  extremity,  a  small  radial  piece  is 
obliquely  articulated,  and  a  similar  one  is  joined  also  to  the  second 
and  third  segments  of  the  axis.  The  arrangement  in  the  ventral  fin 
is  essentially  similar. 

In  fact,  we  have  in  the  Bhizodontidsd  a  short  uniserial 
'  arohipterygium,'  and  the  question  is,  Has  this  been  formed  by  the 
shortening  up  and  degeneration  of  an  originally  elongated  and 
biserial  one,  or  on  the  other  hand,  do  we  find  here  a  condition  in 
which  the  stage  last  referred  to  has  not  yet  been  attained?  This 
question  is  inseparable  from  the  next,  whether  the  Bhizodonts  or 
tiie  Holoptychians  form  the  most  advanced  type. 

The  Holoptychiidn  resemble  the  BhizodontidsB  extremely  closely 
in  their  external  head-bones,  in  their  rounded,  deeply  imbricating: 
scales,  and  in  the  form  and  arrangement  of  their  median  fins.  But 
the  teeth  show  a  more  complex  and  specialized  structure  than  those- 
of  the  Bhizodontidn ;  the  simple  vertical  vascular  tubes  formed  by 
the  repeated  folding  of  the  dentine  in  that  family  being  connected 
by  lateral  branches  around  which  the  dentine  tubules  are  grouped  in 
such  a  way  as  to  give  rise  in  transverse  sections  to  a  radiating^ 
arborescent  appearance;  hence  the  term  ' dendrodont.'  In  this 
respect,  then,  the  Holoptychiidsd  show  an  advance  on  the  Bhizo- 
donlidsd — what  then  of  the  paired  fins  ?  While  the  ventral  remains 
subaoutely  lobate,  as  in  the  previous  family,  the  pectoral  has  now 
assumed  an  elongated  acutely  lobate  shape,  with  the  fin-rays  arranged 
along  the  two  sides  of  a  central  scaly  axis  exactly  as  in  the  Dipnoi ; 
and  though  the  internal  skeleton  has  not  yet  been  seen,  yet,  judging 
by  analogy,  we  cannot  escape  the  belief  that  it  was  in  the  form  of  a 
complete  biserial '  arohipterygium.' 

What,  then,  is  the  condition  of  afifairs  in  the  oldest  known 
Dipnoan  ? 

The  oldest  member  of  this  group  with  whose  configuration  we 
are  acquainted  is  Dipierus,  which  likewise  appears  in  the  middle  of 
the  Devonian  period  simultaneously  with  the  Osteolepidn,  Bhizo- 
dontidsB,  and  Holoptyohiidss.  In  external  form  it  closely  resembles 
a  Holoptychian,  having  a  heterocercal  caudal  fin,  two  similarly 
placed  dorsals,  one  anal,  and  circular  imbricating  scales,  which» 
however,  have  the  exposed  part  covered  with  smooth  ganoine.  Bat 
now  we  have  the  ventral  s  as  well  as  the  pectorals  acutely  lobate 
in  shape,  and  presumably  archipterygial  in  structure;  the  top  of 
the  heisid  is  covered  with  many  small  plates,  there  is  no  longer 
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a  dentigerooB  maxilla,  the  skull  is  autostjlic,  and  the  palatopterygoids 
and  the  mandibular  splenial  are  like  those  of  Ceratodus  and  bear 
each  a  tooth-plate  with  radiating  ridges. 

Now,  oomparing  Dipterus  with  the  reoent  Ceratodus  and  Protop- 
terns,  Uie  first  oonclusion  we  are  likely  to  draw  is,  that  the  older 
Dipnoan  is  a  very  specialized  form,  that  its  heterooeroal  tail  and 
separate  dorsals  and  anal  are  due  to  specialization  from  the  con- 
tinuous diphjcercal  dorso-ano-caudal  arrangement  in  the  recent  forms, 
that  the  Holoptjchiidsd  were  developed  from  it  by  shortening  up  of 
the  ventral  archipteiygium,  as  well  as  by  the  changes  in  cranial 
structure,  and  that  the  Rhizodontidsd  and  Osteolepidsd  are  a  still 
more  specialized  series  in  which  the  pectoral  archipteiygium  has 
also  shared  the  fate  of  the  ventral  in  becoming  shortened  up  and 
uniserial. 

Five  years  ago,  however,  M.  Dollo  proposed  a  new  view  to  the 
effect  that  the  process  of  evolution  had  gone  exactly  in  the  opposite 
direction;^  and  after  long  consideration  of  the  subject  I  find  it 
difficult  to  escape  from  the  oonclusion  that  this  view  is  more  in 
accordance  with  the  facts  of  the  case,  though,  as  we  shall  see,  it  also 
has  its  own  difficulties. 

I  have  already  indicated  above  that  we  are,  on  account  of  the 
more  specialized  structure  of  the  teeth,  justified  in  considering  the 
Holoptychians,  with  their  acutely  lobate  pectorals,  a  newer  type 
than  the  Bhizodonts,  even  though  they  did  not  survive  so  long  in 
geological  time.     What,  then,  of  the  question  of  autostyly  ? 

We  do  not  know  the  suspensorium  of  HoloptycMuSy  but  that  of  the 
Bhizodontidsd  was  certainly  hyostylic,  as  in  the  recent  Folypterus, 
Now,  as  there  can  be  no  doubt  that  the  autostylio  condition  of  skull 
is  a  specialization  on  the  hyostylic  form,  as  seen  also  in  the 
Ohimieroids  and  in  the  Amphibia,  to  suppose  that  the  hyostylic 
Crossopterygii  were  evolved  from  the  autostylio  Dipnoi  is,  to  say  the 
least,  highly  improbable ;  in  my  own  opinion,  as  well  as  in  that  of 
M.  Dollo,  it  will  not  stand.  And  if  we  assume  a  genetic  con- 
nection between  the  two  groups  it  is  in  accordance  with  all  analogy 
to  look  on  the  Dipnoi  as  the  children  and  not  as  the  parents  of  the 
Crossopterygii. 

M.  Dollo  adopts  the  opinion  of  Messrs.  Balfour  and  Parker  that 
the  apparently  primitive  diphyoercal  form  of  tail  of  the  recent  Dipnoi 
is  secondary,  and  caused  by  the  abortion  of  the  termination  of  the 
vertebral  axis  as  in  various  '  Teleostei,'  so  that  no  argument  can  be 
based  on  the  supposition  that  it  represents  the  original  *  protocercal ' 
or  preheterocercal  stage.  Very  likely  that  is  so,  but  it  is  not  of  so 
much  importance  for  £e  present  inquiry,  as  both  in  the  Osteolepidae 
and  Bhizodontidsd  we  find  among  otherwise  closely  allied  genera 
some  which  are  heterooeroal,  others  more  or  less  diphyoercal. 
Diplopterus,  for  example,  differs  from  Thursius  only  by  its  diphy- 
oercal tail,  and  in  like  manner  among  the  Bhizodontido  2Vt«(t- 
ehopterus  is  heterooeroal,  ^usthenopteron  is  nearly  diphyoercal,  and 

1  "Sar  la  PhyloeWe  des  Dipneustes  *' :  Boll.  Soc.  beige  g^l.  pal^nt.  hydr.' 
Tol.  ix  (1896).  o        r~-  . 
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there  oau  be  no  doubt  that  io  spite  of  this  their  caudal  fins  are 
perfectly  homologous  structures. 

But  of  special  interest  is  the  question  of  the  primitive  or  non- 
primitive  nature  of  the  continuity  of  the  median  fins  in  the  recent 
Dipnoi.  Like  others  I  was  inclined  to  believe  it  primitive,  and  that 
the  broken-up  condition  of  these  fins  in  Dipterus  was  a  subsequent 
specialization,  and  in  fact  gave  the  series  Phaneropleuron,  Scau- 
menaciay  Dipterus  macropterus,  and  D  Valenciennesii  as  illustrating 
this  process  of  differentiation.  This  view,  of  course,  draws  on  the 
imperfection  of  the  geological  record  in  assuming  the  existence  of 
ancient  pre-Dipterian  Dipnoi  with  continuous  median  fins,  which 
have  never  yet  been  discovered.  But  Dollo,  using  the  very  same 
series  of  foitns,  showed  good  reason  for  reading  it  in  exactly  the 
opposite  direction. 

The  senes  is  as  follows  : — 

1.  Dipterus  Valenciennesii^  Sedgw.  &  Murch.,  from  the  Orcadian 
Old  Bed,  and  the  oldest  Dipnoan  with  whose  shape  we  are  acquainted, 
has  two  dorsal  fins  with  short  bases,  a  heterocercal  caudal,  and  one 
short-based  anal. 

2.  Dipterus  macropterus,  Traq.,  from  a  somewhat  higher  horizon  in 
the  Orcadian  series,  has  the  base  of  the  second  dorsal  much  extended, 
the  other  fins  remaining  as  before. 

3.  In  Scaumenada  curta  (Whiteaves),  from  the  Upper  Devonian 
of  Canada,  the  first  dorsal  has  advanced  considerably  towards  the 
head,  and  its  base  has  now  become  elongated,  while  the  second  has 
become  still  larger  and  more  extended,  though  still  distinct  from  the 
caudal  posteriorly. 

4.  In  Fhaneropleuron  Andersoni,  Huxley,  from  the  Upper  Old  Bed 
of  Fife^hire,  the  two  dorsal  fins  are  now  fused  with  each  other  and 
with  the  caudal,  forming  a  long  continuous  fin  along  the  dorsal 
margin,  while  the  tail  has  become  nearly  diphyceroal,  with  elonga- 
tion of  the  base  of  the  lower  division  of  the  fin.  But  the  anal  still 
remains  separate,  narrow,  and  short-based. 

5.  In  the  Carboniferous  Uronemus  lobatus,  Ag.,  the  anal  is  now 
also  absorbed  in  the  lower  division  of  the  caudal,  forming  likewise 
on  the  hssmal  aspect  a  continuous  median  fin  behind  the  ventrals. 
There  is  also  a  last  and  feeble  remnant  of  a  tendency  to  an  upward 
direction  of  the  extremity  of  the  vertebral  axis. 

6.  In  the  recent  Ceratodus  Forsteri,  Krefft,  the  tail  is  diphyceroal 
(secondary  diphycercy),  the  median  fins  are  continuous,  the  pectorals 
and  ventrals  retain  the  biserial  archipterygium,  but  the  cranial  roof- 
bones  have  become  few. 

7.  In  Protopterus  annectens,  Owen,  the  body  is  more  eel-like,  and 
the  paired  fins  have  lost  the  lanceolate  leaf-like  appearance  which 
they  show  in  Ceratodus  and  the  older  Dipnoi.  They  are  like  slender 
filaments  in  shape,  with  a  fringe  on  one  side  of  minute  dermal  rays ; 
internally  they  retain  the  central  jointed  axis  of  the '  archipterygium,' 
but  according  to  Wiedersheim  the  radials  are  gone,  except  it  may  be 
one  pair  at  the  very  base  of  the  filament 

8.  Finally,  in  L^pidosiren  paradoxa,  Fitz.,  the  paired  fins  are  still 
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more  rednoed,  having  become  very  small  and  short,  with  only  the 
axis  remaining. 

From  this  point  of  view,  then,  DipteruSj  instead  of  being  the  most 
specialized  Dipnoan,  is  the  most  archsBic,  and  the  modem  Ceratodm, 
Protopterus,  and  Zepidosiren  are  degenerate  forms;  and  instead  of 
the  Orossopterygii  being  the  offspring  of  JDipterus-like  forms,  it  is 
exactly  the  other  way,  the  Dipnoi  owing  their  origin  to  Holoptychiidae, 
which  again  are  a  specialization  on  the  Rhizodontidsd,  though  they 
did  not  survive  so  long  as  these  in  geological  time.  Conseqaently 
the  Ceratodus  limb,  with  its  long  median  segmented  axis  and  biserial 
arrangement  of  radials,  is  not  an  archipterygium  in  the  literal  sense 
of  the  word,  but  a  derivative  form  traceable  to  the  short  uniserial 
type  in  the  Ehizodonts.  But  from  what  form  of  fin  that  was  derived 
is  a  question  to  which  palaBontology  gives  us  no  answer,  for  the 
progenitors  of  the  Orossopterygii  are  as  yet  unknown  to  us. 

Plausible  and  attractive  as  this  theory  undoubtedly  is,  and  though 
it  relieves  the  palsBontologist  from  many  difficulties  which  force 
themselves  upon  his  mind  if  he  tries  to  abide  by  the  belief  that  the 
Dipnoan  form  of  limb  had  a  selachian  origin,  and  was  in  turn  handed 
on  by  them  to  the  Orossopterygii,  yet  it  is  not  without  its  own 
stumbling-blocks. 

First  as  to  the  dentition,  on  which,  however,  M.  Dollo  does  not 
seem  to  put  much  stress,  it  is  impossible  to  derive  Dipierus  directly 
from  the  Holoptychiidas,  unless  it  suddenly  acquired,  as  so  many  of 
us  have  to  do  as  we  grow  older,  a  new  set  of  teeth.  The  dendrodont 
dentition  of  Soloptycnins  could  not  in  any  way  be  transformed  into 
the  ctenodont  or  ceratodont  one  of  Bipterus :  both  are  highly 
specialized  conditions,  but  in  different  directions.  Semon  has 
recently  shown  that  the  tooth- plates  of  the  recent  Ceratodus  arise 
from  the  concrescence  of  numerous  small  simple  conical  teeth,  at  first 
separate  from  each  other.^  Now  this  stage  in  the  embryo  of  the 
recent  form  represents  to  some  extent  the  condition  in  the 
Uronemidse  of  the  Carboniferous  and  Lower  Permian,  which  stand 
quite  in  the  middle  of  Dollo's  series. 

Again,  the  idea  of  the  origin  of  the  Dipnoi  from  the  Orossopterygii 
in  the  manner  sketched  above  cuts  off  every  thought  of  a  genetic 
connection  between  the  biserial  archipterygium  in  them  and  in  the 
Pleuracanthidaa,  so  that  we  should  have  to  believe  that  this  very 
peculiar  type  of  limb  arose  independently  in  the  Selachii  as  a 
parallel  development  It  may  be  asked.  Why  not?  We  may  feel 
perfectly  assured  that  the  autostylic  condition  of  the  skull  in  the 
Holocephali  arose  independently  of  that  in  the  Dipnoi,  as  did  like- 
wise a  certain  amount  of  resemblance  in  their  dentition.  But  those 
who  from  embryological  grounds  oppose  any  notion  of  the  origin  of 
the  Dipnoi  from  '  Ganoids '  might  here  say,  if  they  chose,  If  so, 
why  should  not  also  the  same  form  of  limb  have  been  independently 
evolved  in  Orossopterygii  ? 

Accordingly,  while  philosophic  palaeontology  is  much  indebted  to 
M.  Dollo  for  his  brilliant  essay,  and  though  we  must  agree  with  him 
I  «  Die  Zahnentwickelttog  des  Ceratodm  Forsteri  '*>;  Jena,  1899 
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in  many  things,  such  as  that  the  Crossopterygii  were  not  derivecF 
from  the  Dipnoi,  and  that  the  modern  representatives  of  the  latter 
group  are  degenerate  forms,  yet  as  to  the  immediate  ancestry  of 
the  Dipnoi  themselves,  and  the  diphyletio  origin  of  the  so-called 
arohipterygiam,  we  had  best  for  the  present  keep  an  open  mind. 

In  his  "  Catalogue  of  the  Fossil  Fishes  "  in  the  British  Museumt 
(vol.  ii,  1891)  Dr.  Smith  Woodward,  following  the  suggestion  of 
Newberry  in  1875,  classified  the  Oocoosteans  or  <  Arthrodira '  as  an 
extremely  specialized  group  of  Dipnoi.  At  first  I  was  much  taken 
with  that  idea,  but  after  looking  more  closely  into  the  subject 
I  began  to  doubt  it  extremely.  My  own  opinion  at  present  is  that 
the  Cocoosteans  are  Teleostomi  belonging  to  the  next  order,  Actino- 
pterygii ;  but  Professor  Bashford  Dean,  of  New  York,  will  not  have 
them  to  be  even  'fishes,'  but  places  them  in  a  distinct  class  of 
'  Arthrognatha,'  which  he  places  next  to  the  Ostraoophori  (=08traoo- 
dermi),  even  hinting  at  a  possible  union  with  them,  whereby  the 
old  *  Plaoodermata '  of  McCoy  would  be  restored.  It  will,  therefore, 
be  better  to  leave  them  out  of  consideration  for  the  present,  pending 
a  thorough  re-examination  of  their  structure  and  affinities. 

We  come  then  to  the  great  order  of  Actinoptenrgii,  to  which 
a  large  number  of  the  fishes  of  later  Palsdozoio  age  belong,  as  well 
as  the  great  mass  of  those  of  Mesozoic,  Tertiary,  and  modem  times. 
Of  these  we  first  take  into  consideration  the  oldest  sub-order,  namely, 
the  Acipenseroidei  or  Sturgeon  tribe,  in  which  the  dermal  rays  of 
the  median  fins  are  more  numerous  than  their  supporting  ossicles, 
while  the  tail  is,  in  most,  completely  heterocercsd.  The  oldest 
family  of  Acipenseroids  with  which  we  are  acquainted  is  that  of  the 
Palsdoniscidsd,  which,  in  addition  to  well-developed  cranial  and  facial 
bones,  has  the  body  normally  covered  with  rhombic  ganoid  scales 
furnished  with  peg-and-socket  articulations.  It  endures  up  to  the 
Purbeok  division  of  the  Jurassic  formation,  and  in  the  Carboniferous 
Cryphiolepis,  the  Lower  Permian  Triasolepis,  and  the  Jurassic  Cocco- 
lepii  we  find  the  same  degeneration  of  the  rhombic  scales  into  those 
of  a  circular  form  and  imbricating  arrangement,  which  we  find 
repeated  in  other  groups  of  '  Ganoids.' 

In  these  Palsaozoic  times  we  notice  also  a  side  branch  of  the 
PalaBoniscidsd,  constituting  the  family  Platysomidsd,  in  which,  while 
the  median  fins  acquire  elongated  bases,  the  body  becomes  shortened 
up  and  deep  in  contour.  A  most  interesting  series  of  forms  can  be 
set  up,  beginning  with  Hurynottu,  which,  though  it  has  the  platy- 
somid  head  contour  and  a  long-based  dorsal,  has  only  a  slight 
deepening  of  the  body,  and  still  retains  the  palssoniscid  squamation 
and  a  short-based  anal  fin.  In  Mesol^is,  which  resembles  Eurynotus 
in  shape,  being  only  slightly  deeper,  we  have  now  the  characteristic 
platysomid  squamation,  and  the  base  of  the  anal  fin  is  considerably 
elongated.  Platysomus  has  a  still  more  elongated  anal  fin,  and  the 
body  is  rhombic;  while  in  Cheirodus  the  body  is  still  deeper  in 
contour,  with  peculiar  dorsal  and  ventral  peaks,  long  fringing  dorsal 
and  anal  fins,  while  the  ventrals  seem  to  have  disappeared  altogether. 
Here  also,  as  in  the  allied  genus  Cheirodopsis,  the  separate  cylindro* 
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oonioal  teeth  charaoteristio  of  the  family  are,  on  the  palatal  and 
aplenial  bones,  replaced  by  dental  plates,  reminding  us  of  those 
of  the  Dipnoi.  Certainly  the  Platysomido  seem  to  me  to  form 
a  morphological  series  telling  as  strongly  in  favour  of  Descent  as- 
any  other  in  the  domain  of  pidaBontology.^ 

If  we  now  return  to  the  PalaBoniscidao  we  find  that  they  dwindled 
away  in  numbers  in  the  Jurassic  rocks,  and  finally  became  extinct 
at  the  close  of  that  epoch.  But  already  in  the  Lias  (leaving  the 
Triassic  Oatopteridae  out  of  consideration  for  the  present)  we  find 
that  they  have  sent  off  another  offshoot  sufficiently  distinct  to  be 
reckoned  as  a  new  and  separate  family,  namely,  the  Chondrosteid»^ 
in  which  the  path  of  degeneration,  in  all  but  the  matter  of  size^ 
seems  to  have  been  entered  on. 

In  the  genus  Cfhondrosteus,  though  the  palaBoniscid  type  is  doarly 
trcu)eable  in  the  cranial  structure,  there  is  marked  degeneration  as^ 
regards  the  ,amount  of  ossification,  and  though  the  suspensorium 
is  still  obliquely  directed  backward  the  toothless  jaws  are  com- 
paratively short,  and  the  mouth  seems  now  to  have  become  tucked 
in  under  the  snout  as  in  the  recent  sturgeon.  Then  the  scales  have 
entirely  disappeared  from  the  skin  except  on  the  upper  lobe  of  the 
heterocercal  caudal  fin,  where  they  are  still  found  arranged  exactly 
as  in  the  Palsdoniscidsd. 

Chondrosteus  in  fact  conducts  us  to  the  recent  Acipenseroids — the 
Polyodontidae  (Paddle-fishes)  and  Acipenseridae  (Sturgeons).  So 
the  sturgeons  and  paddle-fishes  of  the  present  day  would  seem  to  be 
the  degenerate,  though  bulky,  descendants  of  the  once  extensively 
developed  group  of  Palseoniscidsd,  even  as  the  modem  Dipnoi  are 
degenerated  from  those  of  Palsaozoic  times. 

In  the  Upper  Permian  occurs  the  genus  AcentrophoruSf  whose 
fellowship  with  Semionotus,  ZepidotuSf  and  all  the  rest  of  the  series 
of  Mesozoic  semi-heterocercal  'Ganoids'  is  at  once  obvious.  If 
we  look  at  the  configuration  of  a  typical  Jurassic  member  of  this^ 
series,  such  as  Zepidotus  or  Eugnathus,  we  shall  at  once  see  that  we 
are  a  stage  nearer  the  modern  osseous  fish.  Though  the  scales  are 
bony,  rhombic,  and  ganoid,  we  are  struck  by  the  '  Teleostean  '-like 
aspect  of  the  external  bones  and  plates  of  the  head,  the  rays  of  the 
dorsal  and  anal  fins  are  fewer  and  correspond  in  their  number  to  that 
of  the  internal  supports  or  '  interspinous '  bones,  while  in  the  caudal 
we  see  the  semi-heterocercal  or  abbreviate-heterooercal  condition. 

Then,  if  we  refer  to  the  tail  of  Lepidosteus  itself,  we  shall  observe 
how  few  are  its  rays  and  how  evident  it  is  that  we  have  here  to  do 
only  with  the  lower  lobe  of  the  original  palseoniscoid  caudal  fin. 
For  a  convincing  corroboration  of  this  we  have  only  to  look  at  the 
tail  of  the  embryo  Zepidosteus  as  described  and  figured  by  Professor 
A.  Agassiz  to  see  that  it  in  reality  passed  through  an  Acipenseroid 
stage,  and  the  last  we  see  of  the  upper  lobe  of  this  tail  is  in  the 
form  of  a  filament  which  projects  from  the  top  of  the  original  lower 
lobe  and  then  disappears. 

^  E.  H.  Traqnair,  <<  Stracture  and  Affinities  of  the  Platysomidae  "  :  Trans.  Boy.. 
Soc.  £din.,  toI.  xzix  (1879),  pp.  343-391. 
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Again,  in  these  Lepidosteid  forms  we  have  a  repetition  of  the  i 
tendency  for  the  thick  rhomhic,  peg-and -socket  articalating  scalee  to 
become  rounded  and  imbricating,  as  we  saw  in  the  Crossopteiygii 
and  again  in  the  Palasoniscidae.  To  such  an  extent  does  this  go  that 
in  the  recent  Amia,  whose  skeletal  structure  so  clearly  shows  it  to 
belong  to  this  group,  the  rounded  scales  are  so  thin  and  flexible  that 
after  it  was  removed  from  the  Clupeoid  family,  or  Herrings,  and 
placed  among  the  <  Ganoids,"  it  was  considered  to  be  the  type  of 
a  distinct  sub-order  of '  Amioidei.' 

As  the  Acipenseroids  dwindled  away  after  the  close  of  the  great 
Palaeozoic  era,  and  are  now  scantily  represented  only  by  the 
degenerate  paddle-fishes  and  sturgeons,  so  the  Lepidosteid  series, 
flourishing  greatly  in  the  Trias  and  Jura,  in  their  turn  declined  in 
the  Cretaceous,  and  in  the  Tertiary  period  became  about  as  maoh 
a  thing  of  the  past  as  they  are  now,  the  North  American  Lepidoateus 
and  Amia,  of  which  remains  of  extinct  species  have  also  been  found 
in  Eocene  and  Miocene  rocks,  only  remaining.  These  two  genera, 
can,  however,  hardly  be  called  *  degenerate.' 

But  that  the  fishes  which  succeeded  the  Lepidosteids  in  populating 
the  seas  and  rivers  of  the  globe  were  evolved  from  them  there  can 
be  no  reasonable  doubt,  while  it  is  equally  clear  that  they  branched 
off  at  an  early  period,  as  already  in  the  Trias  we  find  the  first 
representatives  of  the  order  of  Isospondyli,  which  contains  our 
familiar  Herrings,  Salmonids,  Elopids,  Soopelids,  etc.  For  Dr.  Smith 
Woodward  has  not  only  definitely  placed  the  Jarassic  Leptolepidae 
and  OligopleuridsB  in  the  Isospondyli,  but  also  the  Pholidophorid®, 
which  appear  in  the  Trias  and  extend  to  the  Purbeck.  And  it  is  of 
special  interest  that  in  the  Pholidophori  the  scales  are  still  brilliantly 
ganoid,  and  mostly  retain  the  peg-and-socket  articulation,  while  in  the 
allied  Leptolepidas,  although  they  have  become  thin  and  circular, 
a  layer  of  ganoine  mostly  remains. 

With  the  Isospondyli  we  now  get  fairly  among  the  bony  fishes 
of  modem  type — Teleostei  as  we  used  to  call  them — to  which  other 
«ub-orders  are  added  in  Cretaceous  and  Tertiary  times,  and  which 
in  the  present  day  have  assumed  an  overwhelming  numerical  pre- 
ponderance over  all  other  fishes.  The  prevalent  form  of  scale 
among  these  is  thin,  rounded,  deeply  imbricating,  and  with  the 
posterior  margin  either  plain  (cycloid)  or  serrated  (ctenoid).  But 
that  these  '  cycloid  '  and  '  ctenoid  '  scales  are  modifications  from  the 
rhombic  osseous  'ganoid'  type  we  cannot  doubt  after  what  we  have 
«een.  It  is  indeed  strange  that  the  same  tendency  to  the  change 
of  rhombic  into  circular  overlapping  scales  should  have  occurred 
independently  in  more  than  one  group. 

Incompletely  as  I  have  treated  the  subject,  it  cannot  but  be 
acknowledged  that  the  palasontology  of  fishes  is  not  less  emphatic 
in  the  support  of  Descent  than  that  of  any  other  division  of  the 
animal  kingdom.  The  modem  type  of  bony  fish,  though  not  so 
'high'  in  many  anatomical  points  as  that  of  the  Selachii,  Cros- 
fiopterygii,  Dipnoi,  Acipenseroidei,  and  Lepidosteoidei  of  the 
Palaeozoic  and  Mesozoic  eras,  is  more  specialized  in  the  direction 
of  the  fish  proper. 
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A  Treatise  on  Zoology.  Edited  by  E.  Eat  Lankbstek. 
Part  III:  The  Poritbra  and  C(elbntbrata.  By  B.  A. 
MiNOHiN,  M.A.,  G.  Herbert  Fowler,  B.A.,  Ph.D.,  and 
Gilbert  0.  Bourne,  M.A.,  with  an  Introduotion  by  E.  Rat 
Lankester.  pp.  vi  and  368,  with  227  figures  io  the  text. 
(London :  Adam  &  Charles  Blaok,  1900.) 

PROFESSOR  LANKESTER  is  to  be  congratulated  on  the  speedy 
appearance  of  another  part  of  his  "  Treatise  on  Zoology,"  and 
it  is  to  be  devoutly  hoped  that  the  remaining  eight  parts  will 
appear  with  even  greater  rapidity  if  the  work  is  to  be  completed 
before  the  first  volumes  are  out  of  date. 

The  present  part  is  of  special  interest  to  students  of  comparative 
morphology,  since  it  contains  a  chapter  by  the  editor  on  the  much 
vexed  subject  of  the  coelom.  Speculations  concerning  the  origin 
and  homologies  of  the  variously  developed  body-cavities  found 
among  the  Metazoa  have  so  long  been  associated  with'  Professor 
Lankester's  name  that  an  article  giving  his  latest  views  on  this 
subject  will  command  careful  attention  from  all,  even  although 
some  may  be  of  the  opinion  that  the  present  state  of  our  knowledge 
concerning  these  cavities  is  not  sufficient  to  justify  all  his  con- 
clusions. As  an  argument  against  the  too  previous  introduction 
of  the  coelom  as  a  feature  of  classificatory  value,  we  may  compare 
the  use  made  of  it  in  the  present  work  with  that  adopted  by 
Sedgwick  in  his  recent  textbook :  the  latter  authority  would  exclude 
the  Platyhelmia,  the  Nematoidea,  the  Nemertina,  and  the  Rotifera 
from  his  Goelomata,  whereas  Lankester  includes  all  these  in  bis 
grade  Coelomocoela,  a  term  which  he  proposes  to  substitute  for  the 
well-known  Goelomata. 

With  reference  to  these  new  terms,  of  which  there  are  several, 
we  should  have  thought  that  Professor  Lankester's  long  experience 
as  a  teacher  would  have  shown  him  the  futility  and  undesirability 
of  overburdening  a  science  with  new  words,  especially  when  they 
only  serve  to  replace  terms  long  sanctioned  by  use,  solely  on  the 
grounds  that  his  new  words  are  more  expressive  than  the  old  ones. 
If  we  were  once  to  commence  to  replace  all  the  old  morphological 
terms  at  present  in  use  which,  being  invented  by  our  more  fanciful 
forefathers,  are  now  found  through  our  increasing  knowledge  to  be 
deprived  of  some  of  their  meaning,  we  should  find  ourselves  lost, 
like  the  modem  systematist,  in  a  maze  of  words,  and  all  solid 
work  would  be  at  a  standstill.  While  we  would  deplore  the  mere 
substitution  of  terms  like  Coelomocoela  for  Goelomata  and  Enterocoela 
for  Goelenterata,  we  find  no  objection  to  the  invention  of  terms  to 
express  fresh  ideas,  and  it  is  possible  that  the  term  Phleboedesis, 
as  applied  to  the  origin  of  the  body-cavity  in  the  Arthropoda  and 
HoUusoa,  may  be  found  a  very  useful  one.  At  any  rate.  Professor 
Lankester's  exposition  of  his  theory  of  Phleboedesis  is  very 
instructive. 
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This  yolame  is  about  equally  divided  between  the  Porifera  and 
the  Coelenterata,  a  division  which  appears  to  us  to  be  somewhat 
unfair,  for  the  oomponents  of  the  latter  group  differ  so  mnoh  more 
from  one  another  than  do  the  various  classes  of  the  Porifera,  that 
in  our  opinion  they  should  have  been  allotted  a  larger  space.  At 
the  same  time  we  should  not  like  this  to  have  been  done  at  the 
expense  of  Professor  Minchin's  article,  which  appears  to  be  a  most 
admirable  one,  and  one  that  will  long  serve  as  a  valuable  intro- 
duction to  the  study  of  the  Porifera.  This  article  contains  a  large 
amount  of  original  observations  and  many  new  figures,  but  so  great 
is  Professor  Minchin's  modesty  that  only  those  who  have  worked 
at  sponges  will  recognize  the  new  matter.  In  dealing  with  the 
histology  we  are  glad  to  see  that  Professor  Minchin  throws  con- 
siderable doubt  upon  the  special  sense-organs  and  nerve-cells  as 
described  by  Stewart,  Sollas,  and  von  Lendenfeld,  and  we  could 
only  wish  that  Mr.  Fowler,  in  dealing  with  the  so-called  ganglionic 
cells  of  the  last-mentioned  observer  in  the  Hydroids,  had  been 
equally  bold. 

The  great  difficulty  in  these  composite  textbooks  is  to  mete  out 
equal  treatment  to  the  various  groups  of  animals  dealt  with,  as 
each  writer  has  his  own  ideas  on  the  style  of  article  required,  and 
we  are  afraid  that  both  the  articles  on  the  Hydromedussa  and  the 
Anthozoa  suffer  somewhat  from  a  comparison  with  that  on  the 
Porifera.  Those  on  the  Hydromedussd  and  the  Scyphomedussd 
especially  appear  to  be  far  too  condensed  and  hardly  critical 
enough  for  this  ambitious  work ;  the  illustrations  of  these  parts, 
too,  are  for  the  most  part  very  antiquated. 

Perhaps  the  part  which  appeals  most  nearly  to  the  palsdontologist 
will  be  that  dealing  with  the  Anthozoa  by  Mr.  Bourne.  Here, 
at  any  rate,  no  fault  can  be  found  with  the  age  of  the  illustrations, 
almost  all  of  which  appear  to  have  been  specially  drawn  for  the 
article.  Unfortunately,  owing  to  the  adoption  of  the  half-tone 
process,  the  printing  of  these  beautiful  figures  has  not  been  always 
successful.  Mr.  Bourne's  article  obviously  suffers  from  delayed 
publication,  and  consequently  much  important  work  dealing  with 
the  formation  and  nature  of  the  coral-skeleton  has  to  be  briefly 
referred  to  in  an  appendix.  Mr.  Bourne  has  done  considerable 
work  on  the  relation  of  the  hard  and  soft  parts  in  the  corals,  but 
we  cannot  help  asking  for  his  authority  in  his  representation  of 
the  epitheca  in  fig.  28  as  a  sauoer-like  structure  surrounding  the 
theca  but  separated  by  a  distinct  interval  into  which  a  hollow 
reduplication  of  the  body-wall  extends. 

The  present  volume  contains  six  chapters,  which,  with  the 
exception  of  chapters  iv  and  v,  are  separately  paginated,  and  the 
contained  figures  are  separately  numbered ;  each,  further,  is  jhto- 
vided  with  an  index :  these  indices  are  sometimes  difficult  to 
find,  and  we  personally  should  have  preferred  a  continuous 
pagination  and  a  general  index  at  the  end  of  the  volume. 
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GEOLOGICAL  HYPOTHESIS. 

Sib, — In  the  July  number  of  your  Magazine,  just  received,  there 
is  an  article  called  "A  Word  on  Geological  Hypothesis,"  by 
Professor  H.  Macaulay  Posnett.^  After  some  admirable  platitudes 
«on  the  subject  of  scientific  dogmatism,  he  proceeds  to  explain  why 
he  has  been  forced  to  tender  this  kindly  advice  by  the  following 
^illustrations. 

*<  Shortly  after  the  Tarawera  eruption  of  June,  1886,  some 
professors  of  science  proceeded  to  the  Eotorua  district  and  there 
held  a  Maori  meeting.  The  Maoris  were  told  that,  the  lines  of 
volcanic  energy  having  such  and  such  directions,  they  need 
entertain  no  fears  of  the  recurrence  of  the  late  disaster — *they 
might  plant  their  kumeras  in  peace.'  Hereupon  an  old  Maori  chief, 
with  the  usual  sagacity  of  his  race,  rose  and  remarked,  <If  the 
volcano-doctors  know  so  much  about  what  is  to  be,  what  a  pity  it 
was  they  did  not  come  and  forewarn  us  of  the  eruption.'  Needless 
to  say,  the  'volcano-doctors'  had  no  reply;  and  in  our  civilised 
^iews  of  volcanic  forces  it  would  be  far  better  to  own  ignorance 
than  to  even  hint  a  claim  to  foresight  where  it  does  not  as  yet  exist" 

Now  as  I  am  one  of  the  'volcano-doctors'  referred  to,  and 
Professor  Posnett  was  at  the  time  in  Auckland,  170  miles  away, 
I  suppose  I  know  more  about  what  took  place  than  he  does.  The 
^following  is  a  plain  statement  of  the  facts.  Professors  Thomas  and 
Douglas-Brown,  of  the  Auckland  University  College,  and  myself 
were  commissioned  by  the  N.Z.  Government  to  report  upon  the 
•eruption.  The  Maoris,  naturally,  were  in  a  great  state  of  alarm. 
Many  had  left  and  quartered  themselves  on  neighbouring  tribes; 
and  the  remainder  wanted  to  leave,  but  had  no  land  to  go  to.  Under 
these  circumstances  the  Resident  Magistrate  at  Botorua  asked  us 
■whether  we  could  help  in  dissipating  these  fears.  We  consented  to 
try.  He  called  a  meeting,  and  I,  as  senior,  was  deputed  to  make  the 
-speech.  I  pointed  out  that  as  the  eruption  had  only  lasted  for  a  few 
^hours  and  had  been  over  for  more  than  a  week,  it  was  not  likely  that 
it  would  recur  in  the  near  future,  as  time  must  be  allowed  for  the 
subterranean  forces  to  again  accumulate.  Even,  I  said,  if  a  second 
eruption  should  take  place  it  would  probably  not  be  a  severe  one, 
like  the  first,  for  an  opening  had  been  made  through  which  the  steam 
•<x>uld  now  escape.  I  said  nothing  about  lines  of  volcanic  energy. 
The  Maoris  saw  the  common-sense  of  these  reasons;  their  fears 
ceased,  the  runaways  returned,  and  crops  for  the  coming  season 
were  planted.  I  do  not  remember  being  asked  why  we  had  not 
forewarned  the  Maoris  of  the  eruption — it  sounds  like  a  newspaper 
jam — but  if  I  was  so  asked,  no  doubt  I  made  it  clear  to  my  audience 
that  the  two  things  were  very  different ;  a  point  which  Professor 
Posnett  appears  not  to  see. 

>  GiOL.  Mao.,  1900,  pp.  298-802. 
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He  then  goes  on  to  say:  "It  is  worth  adding  that,  not  very  far 
from  the  Botorua  district,  in  the  now  famous  gold-fields  of  the 
Thames,  an  eminent  but  dogmatic  and  hasty  geologist  many  years  aga 
prophesied  that  no  gold  could  there  ever  be  found."  As  the  Thames* 
gold-fields  were  well  established  fifteen  years  or  more  before 
Professor  Posnett  came  to  Auckland,  this  charge  must  rest  on  second- 
er third-hand  evidence ;  for,  to  the  best  of  my  knowledge,  the 
prophecy  was  never  published.  As  I  was  living  in  Auckland  at  the 
time  of  the  discovery  of  the  fields  (1867),  I  should  certainly  have 
heard  of  it  if  any  scientific  man  had  said  publicly  that  no  gold 
would  be  found  at  the  Thames.  When  Professor  Posnett  was  in 
Auckland  he  could  easily  have  investigated  the  truth  of  club  gossip, 
and  he  should  have  done  so  before  repeating  it  as  a  well-attested 
fact.  I  therefore  call  upon  him  either  to  produce  his  evidence  or 
to  acknowledge  that  he  has  done  the  very  thing  he  is  blaming 
geologists  for  doing,  namely,  made  dogmatic  statements  without 
giving  any  hint  that  they  may  not  be  true.  F.  W.  Hutton. 

Chbistchurch,  New  Zealand. 
ZUt  August^  1900. 


THE  AGE  OF  THE  RAISED  BEACH  OF  SOXJTHERN  BRITAIN. 

Sib, — Mr.  Tiddeman's  extremely  interesting  note  in  the  October 
Number  "  On  the  Age  of  the  Raised  Beach  as  seen  at  Gower  '*  seema 
to  be  supported  by  several  facts,  which  I  had  observed  and  already 
published  with  regard  to  the  Eaised  Beach  in  Sussex.  The  section 
to  the  west  of  Brighton  exhibits,  near  the  top,  a  distinctly  festooned 
arrangement  of  the  lines  of  bedding,  which  can  be  best  explained 
on  the  supposition  of  the  occurrence  of  interbedded  ice-masses.' 
Another  important  point  is  the  discovery  of  two  species  of  Ostracoda 
of  northern  habit  in  the  Sussex  Raised  Beach.'  And  further,  the 
Rubble-Drift  immediately  above  the  Raised  Beach  at  Aldrington 
shows  decided  evidence  of  a  continuation  of  a  rigorous  climate,  for 
here  there  are  some  blocks  of  almost  pure  foraminiferal  sand,  very 
friable,  but  with  their  own  wavy  bedding  preserved,  which  leads 
one  to  conclude  that  these  fragments  were  transported  in  a  frozen 
condition.^  I  may  also,  perhaps,  be  allowed  to  draw  attention  to- 
the  excellent  sections  of  the  Raised  Beach  and  Rubble-Drifb  which 
can  now  be  visited  at  Copperas  Gap,  near  Portslade-by-Sea,  but 
which  is  being  rapidly  cut  away  by  the  work  of  sand  excavation. 

Fredbbiok  Chapman,  A.L.S. 
HI,  Oakhill  Road, 
Putney,  8.W. 

1  Transactions  of  the  Union  of  South -Eastern  Scientific  Societies,  1900,  p.  68. 

2  Proc.  Geol.  Assoc.,  vol.  xvi,  pt.  6,  p.  263. 
a  Ibid.,  pp.  267,  268. 
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I. — On  Htperodapsdon  Oobdonj. 

By  Prof.  BuDOLP  Buuckhabdt,  Ph.D.,  of  the  Uniyersity  of  Basel,  Switzerland. 

[Continued from  the  November  NumheVy  jp,  492.) 

IN  the  foregoing  description  I  have  confined  my  remarks  to  the  right 
side  of  the  skall.  The  observer  will  not  fail  to  notice  from  the 
figures  the  disparities  existing  in  the  two  sides.  This  asymmetry 
is  particularly  conspicuous  ventrally,  the  region  from  which  Huxley 
principally  deduced  the  arguments  in  support  of  his  more  important 
speculations.  The  area  of  dislocation,  the  centre  of  which  apparently 
lies  in  the  crater-like  opening  of  the  left  prsdsplenial,  extends  from 
the  left  prsdmaxillary  to  the  pterygoid  in  the  skull,  and  as  far  as  the 
splenial  on  the  lower  jaw.  Its  place  of  greatest  intensity  has  been 
marked  by  a  +  on  the  figure,  where  not  only  the  sudace  of  the 
bones  is  most  damaged,  but  where  the  mandible  has  been  so  much 
compressed  that  a  crest  has  actually  been  formed  below  the  row  [of 
teeth  on  its  outer  wall. 

The  splenial  too  has  been  displaced;  the  pterygoid  is  broken 
across;  a  deep  fissure  separates  the  three  inner  rows  from  the 
regularly  placed  outer  rows  of  teeth  on  the  palate-bone. 

This  dislocation  is  partly  responsible  for  the  deception  it  caused 
m  the  location  of  the  posterior  nares,  and  for  the  supposed  boundary 
of  the  palate-bone  and  the  maxillary.  Huxley  himself,  in  his  first 
paper,  inaugurates  the  description  of  the  dentition  by  stating  his 
inability  to  find  any  suture  in  the  roof  of  the  mouth,  but  he  supposed 
such  to  exist  somewhere  in  the  groove  of  the  hard  gum,  into  which 
the  lower  jaw  is  received  when  at  rest. 

In  his  second  paper  he  lays  particular  stress  on  the  fact  of  there 
being  only  a  single  row  of  teeth  tending  in  a  forward  direction  on 
either  the  palatine  or  the  maxillary.  Certainly  some  of  the  smaller 
fragments  show  no  suture  within  the  denticulated  space,  but  there  is 
one  which  runs  parallel  with  and  is  situated  latersdly  to  the  outer- 
most row  of  teeth,  which  can  be  traced  without  cutting  a  cross 
section  through  it 

This  leads  us  to  a  consideration  of  the  dentition  itself.  Lydekker 
was  the  first  to  make  known  the  existence  of  one  to  two  rows  of 
detached  teeth  on  the  posterior  margin  of  the  oral  surface  in  the 
lower  jaw  of  the  Indian  species,  next  to  the  palisade-like  row  of 
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teeth.  Huxley  considered  that  the  Indian  specimens  probably  did 
not  differ  specifically  from  the  English  specimens,  but  merely 
exceeded  them  in  point  of  size. 

As  the  two  fragmentary  specimens  of  undoubtedly  British  origin 
show  exactly  the  same  arrangement  in  the  dentition  of  the  lower 
jaw,  Lydekker's  contention  as  to  the  specific  value  of  the  character 
of  his  Indian  specimens  therefore  breaks  down. 

The  study  of  the  lower  jaw  of  Hyperodapedon  minor  is  particularly 
instructive  in  this  respect,  as  the  principal  row  of  mandibular  teeth 
extends  backward  considerably  further  than  in  H,  Qordoni. 

The  dentition  of  the  palate-bones  has  been  accurately  described  by 
Huxley,  except  in  the  case  of  the  anterior  portion  of  the  right  side, 
which  he  states  h&s  three  rows,  of  which  the  middle  one  is  decayed 
away,  being  indicated  only  by  the  empty  sockets  of  the  teeth.  The 
regularity  in  distribqtion  of  the  teeth  is  somewhat  indistinct  on  the 
left  side  of  the  fore-part  of  the  palate-bone,  and  it  appears  to  me  to 
depart  from  the  normal  plan,  a  circumstance  which  I  am  inclined  to 
attribute  to  the  local  displacement  already  mentioned.  In  size  the 
teeth  increase  consecutively  from  the  front  backwards.  Neither  from 
this  fact  alone,  nor  from  sections  made  at  a  right  angle  to  their 
longitudinal  line  of  distribution,  is  information  available  as  regards 
a  succession  of  teeth.  But  judging  from  a  fragment  of  JT".  minor, 
containing  the  germs  of  the  teeth,  which  have  as  yet  not  cut  through 
the  bone,  I  should  infer  that  this  does  not  point  to  a  real  change  of 
the  teeth,  but  that  it  rather  suggests  the  mode  of  a  successive 
supply  of  them  from  the  rear,  which  would  continue  during  the 
whole  of  the  aniinars  lifetime. 

Now,  therefore,  that  the  purely  palatine  nature  of  the  dentition  has 
been  proved,  there  is  no  further  occasion  for  assuming  a  change  of 
teeth  to  apply  to  it  in  the  same  manner  as  that  in  which  it  is 
accomplished  in  the  maxillaries.  Whether  or  not  such  a  change 
of  teeth,  in  its  actual  sense,  takes  place  in  other  palatal  bones,  is 
a  matter  for  further  examination.  Whatever  its  outcome,  it  is  not 
likely  to  furnish  direct  counter-evidence  against  Hyperodapedon^ 
the  apparatus  for  prehension  in  which  is  so  markedly  different. 

The  peculiar  anatomical  structure  of  this  apparatus  implies  a 
number  of  physiological  derivations  capable  of  throwing  light  into 
the  vast  abyss  which  divides  its  dental  arrangement  from  that 
of  Sphenodon,  It  would  be  wrong  to  imagine  the  cutting  edge  of 
the  lower  jaw  to  move  backward  and  forward  in  the  masticating 
furrows  opposing  it.  This  would  be  an  utter  impossibility  on 
account  of  the  two  furrows  converging  towards  the  front.  It  is  more 
likely  that  during  the  process  of  attrition,  they  moved  obliquely 
across  the  upper  part  of  the  apparatus,  and  that  the  furrows  received 
the  lower  jaws  when  at  rest,  for  which  purpose  they  seem  to  be 
provided.  This  is  probably  the  reason  too  why  the  tooth-rows 
which  flank  them  are  ground  down.  In  further  support  of  this 
view  of  a  gradual  expansion  of  the  attritive  surface  in  the  posterior 
portion  of  the  lower  jaw,  is  the  fact  that  it  was  achieved  by  an 
increase  of  the  tooth-rows.     Another  reason  why  this  expansion  has 
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been  oonfined  to  this  partioular  place  is,  that  the  mandibular  teeth  are 
in  correlation  with  the  presence  of  a  true  horned  beak,  which  would 
have  been  a  natural  obstacle  to  any  development  of  teeth.  In  this 
way,  and  further  too  by  the  continuous  renewal  of  teeth,  another 
useful  means  has  been  contrived  for  the  process  of  mastication. 

By  way  of  compensation,  during  the  individual  development  the 
dentulous  surface  was  so  modified  that  no  disadvantage  would  accrue 
to  the  animal  through  the  incapacity  of  the  mucous  membrane  to 
remove  the  worn-down  acrodont  teeth. 

To  look  for  a  physiological  parallel  of  this  peculiar  kind  of 
dentition  it  is  necessary  to  go  to  the  Plaoodontia.  Of  these  latter, 
however,  the  material  at  my  disposal  did  not  permit  of  a  detailed 
comparison,  but  it  should  be  mentioned  here  that  in  the  Placodonts 
the  maxillary  appears  to  me  to  bear  no  teeth,  and  to  be  divided  from 
the  tooth-row  by  a  suture. 

Beferring  specially  to  the  tendency  to  expansion,  within  the 
dentigerous  portion  of  the  posterior  part  of  the  lower  jaw,  by  the 
introduction  of  new  elements,  I  remember  a  parallel  case,  having 
noticed  on  the  vomer-plate  of  a  species  of  Pycnodon,  which  is  in 
the  Museum  at  Basle,  that  the  otherwise  regular  quinto  -  serial 
arrangement  was  augmented  by  an  additional  tooth  in  its  widest 
posterior  part. 

From  the  character  of  the  teeth  in  Byperodapedon,  the  question 
arises  once  more  as  to  the  natural  haunts  of  the  animal.  What 
is  the  kind  of  food  required  in  the  case  of  a  plaoodont  animal? 
Generally  this  consists  of  Crustacea,  Molluscs,  Echinoderms,  and 
other  hard-shelled  animals.  If  we  take  into  consideration  the 
dentition  alone,  coupled  with  the  extraordinary  position  of  the  eyes, 
to  which  may  be  added  the  reduction  in  size  of  the  posterior 
extremities,  one  feels  inclined  to  attribute  to  it  a  marine  existence ; 
more  particularly  would  this  be  the  case  if  Huxley's  supposition 
as  regards  the  length  of  its  tail  were  confirmed.  On  the  other  hand, 
the  structure  of  the  manus,  in  which  no  tendency  to  a  lengthening 
of  the  phalanges  can  be  perceived,  is  in  direct  contradiction  to  this 
interpretation. 

Byperodapedon,  therefore,  and  probably  also  BhynchoBaurua,  will 
have  to  be  regarded  as  inhabitants  of  the  littoral.  What  other 
terrestrial  animal  is  equipped  with  a  similar  dental  structure  ?  Or 
what  else  could  have  induced  Byperodapedon  to  frequent  the  sandy 
Triassic  shores,  from  whose  strata  up  to  the  present  no  signs  of 
petrefactions  have  been  procured,  except  fossil  reptiles.^ 

'  The  writer  desires  to  refer  to  the  remarkable  discoveries  made  prior  to  1892 
in  the  Elgin  Sandstone,  Morayshire,  which  were  described  by  Mr.  E.  T.  Newton, 
F.R.S.  (Proc.  Roy.  Soc.,  Dec.  16,  1892,  vol.  lii,  pp.  389-391;  Phil.  Trans., 
ToL  clxxxiv),  in  which  he  enumerates  Gordonia  Traquairi,  O,  Suxleyiana,  O.  Dufiana, 
O,  Juddiana,  Oeikia  ElginenaU^  and  Elginia  mirabilu.  Reference  was  also  made 
to  a  form  resembling  ^totaurus  (Geol.  Mao.,  1893,  p.  557)  named  Omit/wguehut 
Woodicardiy  and  to  Erpetosuchus  Qranti  (see  Proc.  Roy.  Soc,  Dec.  7,  1893, 
vol.  Uv,  pp.  437,  438 ;  Phil.  Trans.,  1894,  vol.  clxxxv  B,  p.  673,  pis.  Uii-lvi). 
There  were  probably  also  two  species  of  Theeodontotaurua  from  the  iSrias  of  Bristol, 
and  perhaps  a  third  from  Leamington. 


Digiti 


zed  by  Google 


532     Professor  R,  Burckhardt — On  Hyperodapedon  Gordoni. 

I  carefully  soaght  for  any  evidenoe  of  dermal  ossifioation,  and 
detected  a  few  vague  signs  here  and  there :  for  instance,  on  the 
eighth  rib  of  the  left  side,  and  on  the  opposed  surface,  in  the  vicinity 
of  the  ends  of  the  eleventh  and  the  twelfth  ribs ;  also,  some  smaU 
plates  of  an  oval  shape  on  the  humeri.  Under  favourable  light  the 
contours  of  the  body,  too,  seemed  to  be  indicated,  notably  in  the 
interspaces  between  the  ends  of  the  ribs.  Finally,  as  may  be  seen 
from  our  figure  of  the  counterpart  of  the  right  side,  a  heart-like 
projection  can  be  observed  in  the  blank  space  near  the  fourth  rib^ 
differentiating  it  from  other  parts,  through  absence  of  matrix  in 
that  place,  from  which  a  fibre  of  the  thickness  of  a  finger  starts, 
tending  towards  the  neck  in  a  decided  manner,  where  it  disappears 
again  in  the  slab.  I  suspect  it  to  have  been  a  visceral  organ, 
probably  the  stomach,  to  judge  from  its  position. 

It  may  be  mentioned  that  there  are  two  specimens  of  Bhyneho' 
aaurus  in  the  British  Museum  in  which  indications  of  the  skin  can 
also  be  traced.  Lortet  has  also  already  described  such  structures 
in  Sauranodon,  In  one  of  the  Bhynehosauri,  viz.  the  type  from 
which  Huxley  figured  its  hind-foot  (pi.  xxvii,  fig.  5),  the  skin  is  so- 
unmistakable  that  I  have  reproduced  it  here. 


Fig.  3. — Skin  from  the  posterior  abdominal  region  of  Bhynchosaurm  articeps. 
Two-thirds  nat.  size.  From  the  specimen  preserved  in  the  British  Museum 
(Natural  Histor)'). 

It  belongs  to  the  abdominal  region,  and  vividly  recalls  a  fragment 
from  the  skin  of  a  Lepidosaurian.  But  on  this  head  I  will  not 
venture  upon  any  evidenoe  of  a  closer  relationship  with  either  the 
latter  or  any  of  the  Bhynchocephalians,  since  we  are  yet  quite 
ignorant  as  to  the  skin  structures  of  the  Tberomorphre.  A  more 
intimate  knowledge  of  the  Lepidosauria  from  this  point  of  view  may 
even  necessitate  a  change  of  the  name. 
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The  seoond  specimen,  disolosing  impressions  of  the  skin,  is  that 
which  supplied  Huxley  with  the  type  for  tab.  xxvii,  fig.  2.  I  have 
been  able  to  detect  some  smaller  scales  on  this  near  the  remains  of 
the  caudal  vertebrsd,  but  not  so  clearly  to  be  seen  as  in  the  other 
example. 

I  cannot  conclude  my  account  of  Hyperodapedon  without  making 
a  few  remarks  on  the  systematic  position  of  the  Bhynchosaurians. 
Although  in  the  beginning  of  Huxley's  second  treatise  he  strongly 
supports  the  theory  of  an  intimate  relationship  existing  between  Siis 
extinct  group  and  the  living  Sphenodon,  his  conclusions,  however, 
are  that  they  have  only  the  following  characters  in  common  with 
each  other : — 

1.  A  prsBmaxillary  rostrum. 

2.  A  longitudinal  series  of  palatine  and  maxillary  teeth,  of  which 
the  posterior  ones  receive  between  them  the  mandibular  row. 

3.  An  abdominal  sternum. 

4.  Absence  of  procoelous  vertebrsd  in  the  priesacral  portion. 

Of  the  foregoing  characters,  number  1  breaks  down  at  once,  being 
based  upon  a  supposed  identity  of  origin  in  two  totally  distinct 
structures ;  and  the  second  no  less  so,  as  will  have  been  seen  in  our 
previous  discussion.  There  remain  only  the  third  and  the  fourth 
points,  upon  which  it  would  be  futile  to  base  characters  for  the 
establishment  of  a  closer  relationship  between  them. 

Yon  Zittel,  too,  ascribes  to  the  Bhynchosaurians  affinities  with 
Sphenodon^  and  places  them  nearer  the  latter  than  to  the  remaining 
groups  of  Ehynobocephalians,  as  does  also  Smith  Woodward. 

Boulenger  unites  the  Proterosauridas  with  the  PalaBohatteridas  to 
form  his  Proterosauria.  Some  of  the  characters  which  he  assigns 
to  this  group  are  shared  also  by  the  Bhynchosaurians,  such  as  the 
flattened  bone  composing  the  pelvis,  and  especially  the  opisthocoelous 
vertebrae  of  the  Proterosauridsd.  The  Bhynchosaurians  and  the 
Champsosaurians  are  brought  under  one  heading  too,  with  the  latter 
of  which,  except  through  convergence  of  similarities,  they  have 
really  nothing  in  common.  For  the  reasons  mentioned,  then,  the 
classification  as  proposed  cannot  be  said  to  be  wholly  satisfactory. 

Becently  Fiirbringer  brought  to  a  conclusion  his  comprehensive 
systematic  treatise  on  Beptiles,  wherein,  following  Baur,  he 
separates  Hyperodapedon  from  Bhynchosaurus,  and  places  the  family 
Hyperodapedontid»  near  that  of  Proterosauria,  and  the  Bbyncho- 
sauridsB  with  the  Bhynchocephalia  vera,  I  can  only  follow  the 
views  of  these  authors  in  so  far  as  they  are  restricted  to  the  closer 
relationship  existing  between  Hyperodapedon  and  the  Proterosauridad, 
and  on  account  of  its  being  already  connected  with  the  latter  by  the 
possession  of  opisthocoelous  vertebra.  Otherwise  I  consider  a 
separation  of  Hyperodapedon  from  JRhynehoaaurue  entirely  erroneous, 
and  I  can  find  no  apology  for  it  on  the  part  of  these  authors,  except 
in  the  insufficiency  of  the  published  materials  on  which  they  based 
their  conclusions. 

After  what  has  been  stated  as  to  the  dentition  and  the  characters 
'Of  the  skull  of  Hyperodapedon,  there  exists  no  further  ground  for 
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trying  to  effect  a  cloter  union  of  the  Bbynchosaorians  with  Bhyncho- 
oephalia  Tera.  We  ought  rather  to  r^;ard  the  former  feunily  at 
a  branch,  in  a  wider  sense,  of  the  Bhynchocephalian  stem,  totally 
independent  of  the  tme   Rhy n Aooephal ians,   and    linked    in   all 

?robability  in  a  more  direct  manner  to  the  lowest  organized 
^roterosanrid^  So  long,  therefore,  as  the  inferior  zygomatic  arch 
is  held  to  be  a  di£ferentiating  diaracter  for  the  Rhynchocephal  ians, 
the  Bhynchosaurians  will  have  to  be  attadied  to  them  and  not  to 
the  Theromorpha.  At  the  same  time  it  should  be  borne  in  mind 
that  latterly  Baur  and  Case  have  excluded  Dimetrodom  from  the 
Theromorpha,  and  have  subsequently  included  it  with  the  Bhyncho- 
cephalians,  chiefly  on  account  of  this  character,  and  it  is  possible  also 
that  a  similar  transfer  awaits  the  Endothiodontidss  under  similar 
circumstances.  It  is  to  the  latter  that  the  Bhynchosaurians  appear 
to  bear  the  greatest  resemblance,  but  in  this  case  also  the  resemblance 
may  be  based  upon  analogy  alone. 

llie  principal  conclusions  I  have  arrived  at  are  as  follows : — 

1.  All  the  bones  m  the  skull  of  Hyperodapedam  Oordoni,  as  seen 
in  the  specimen  in  the  British  Museum  (apart  from  the  occipital 
region),  can  be  identified,  except  such  as  may  be  still  embedded 
in  the  matrix. 

2.  The  upper  side  of  the  skull  agrees  witii  tiie  one  known  for 
Bhynchocephalians,  with  this  difference,  that  the  postorbital  is 
rather  large  and  removed  in  position  from  the  orbital. 

3.  In  the  lower  jaw  five  bones  can  be  clearly  distinguished,  to 
which  an  angular  should  be  added,  analogous  to  RhifnehoaaHrus. 

4.  The  maxillaries  are  edentulous ;  the  palatines  possess  numerous 
rows  of  teeth  in  serial  arrangement,  which  increase  in  size  from 
the  front  to  the  back.  They  are  not  changed,  but  their  number 
is  augmented  in  their  hinder  margins;  their  complete  wear  is 
prevented  by  alteration  in  the  position  of  the  attritive  surfaces. 
The  suture  between  the  palate-bone  and  the  maxillary  lies  to  the 
outside  of  the  dentigerous  portion,  and  is  probably  the  same  in  the 
Placodontia. 

5.  Hyperodapedon,  together  with  Bhyncho»auru$,  forms  a  separate 
group  of  the  Bhynchocephalians,  viz.  the  Bhynchosaurians,  which 
are  connected  in  a  direct  line  with  the  lowest  forms.  This  group 
has  no  affinity  with  the  Bhynchocephalians  in  a  stricter  sense; 
its  analogies  with  the  Chelonians,  the  Endothiodontidsd,  and  the 
Champsosauridas  are  physiological  ones. 
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II. — NOTKS   ON   SOME  REMAINS   OF    CrTPTOOLBIDUS  FROM   THE 

Ebllawats  Rook  of  East  Yobkshibe. 
By  Thomas  Sheppard,  F.G.S. 

ON  visiting  Brough  a  short  time  ago  I  noticed  a  small  section  had 
been  made  on  the  western  slope  of  Mill  Hill,  about  twenty  or 
thirty  feet  below  the  top.  The  exoavation  is  made  in  soft  white 
sand,  whioh  is  very  ferruginous  in  places.  Beds  of  hard  sandstone, 
varying  in  thickness  from  one  to  three  inches,  traverse  it  in  the 
upper  part  of  the  section.  These  beds  of  sandstone  are  practically 
horizontal,  and  contain  casts  of  Belemnites  Owenii,  Oryphaa  hihbata, 
Trigonia,  and  other  characteristic  Eellaways  Rock  fossils.  In  not 
a  single  instance  wm  a  portion  of  a  shell  remaining^  the  whole  of 
the  calcite  having  been  dissolved  away.  There  is  only  a  thin 
covering  of  soil ;  and  this  contains  numerous  pebbles  of  doubtful 
origin,  and  some  pieces  of  Roman  pottery. 

The  excavated  material  is  sent  to  Leeds,  where  it  is  used  by  an 
engineering  firm  for  moulding. 

On  examining  the  pit  I  notioed  a  piece  of  very  ferruginous 
material.  It  was  of  rather  peculiar  shape,  however,  and  on  picking 
up  further  pieces  it  became  evident  that  they  were  small  fragments 
of  bone.  They  had  been  thrown  on  a  heap  on  one  side,  and  such 
bones  as  were  found  had  to  be  picked  from  this  heap ;  consequently 
their  exact  horizon  could  not  be  determined.  Subsequent  visits 
were  the  means  of  finding  still  further  specimens,  chiefly  whole  and 
broken  vertebrsB,  pieces  of  ribs,  etc.  On  one  of  these  occasions 
a  vertebra  was  noticed  protruding  from  the  quarry  face,  at  a  depth 
of  about  seven  feet;  this  was  in  close  proximity  to  the  heap  from 
whioh  the  other  remains  had  been  obtained.  This  vertebra  was 
extracted,  and  several  others  were  found  on  the  same  level,  fitting 
close  together.  These  vertebrae  were  nearly  circular,  and  were 
without  the  prominent  processes  which  occurred  on  some  of  the 
earlier  specimens  found  on  the  refuse  heap.  Evidently,  therefore, 
this  was  the  tail  end  of  the  animal,  and  unfortunately  the  most 
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important  remains  had  already  been  exoavated  and  were  not 
preserved.  However,  the  find  in  the  quarry  face  enables  the  exact 
horizon  of  the  animal  to  be  fixed,  and  there  can  be  little  doubt  that 
the  almost  complete  skeleton  of  a  huge  saurian  had  been  buried, 
where  it  had  rested  undisturbed  from  the  day  it  was  deposited  in 
Jurassic  times.  The  disposition  of  the  remains  suggests  quiet 
waters,  and  subsequent  undisturbed  conditions. 

Below  the  remains  the  sand  is  much  whiter  and  finer,  and  more 
resembles  the  pure  white  sand  exposed  in  a  section  near  Sancton 
church,  a  few  miles  away. 

Having  been  informed  that  some  time  previously,  when  the  bones 
were  first  excavated,  a  few  of  the  lai*ger  specimens  had  been  sent  to 
Mr.  W.  Richardson,  of  South  Cave,  I  called  upon  that  gentleman 
and  found  that  he  possessed  three  very  large  paddle-bones,  obviously 
from  the  same  skeleton  as  my  specimens ;  these  he  has  been  good 
to  hand  over  to  me. 

A  selection  from  the  collection  of  bones  has  been  sent  to  Mr.  E.  T. 
Newton,  F.R.S.,  of  H.M.  Geological  Survey,  and  he  has  kindly 
examined  the  specimens  for  me.  Mr.  Newton  reports  that  they 
*' belong  to  some  animal  allied  to  the  Flesioaaurua,  and  probably 
to  the  one  which  has  been  named  Cryptocleidw,  but  the  broken 
condition  of  the  specimens  prevents  a  certain  determination." 
Mr.  Newton  adds,  **such  reptiles  are  known  from  the  Oxford 
Clay,  but  not  from  the  Kellaways  Rock,"  and  in  this  opinion 
Mr.  C.  Fox-Strangways,  who  has  recently  completed  a  volume  on 
the  Jurassic  Rocks  of  Yorkshire,  concurs. 

Twenty-five  specimens  were  sent  to  Mr.  Newton,  and  he  has 
determined  them  as  under : — 

Nos.  1  &  2.  Parts  of  one  paddle-bone,  femur  or  humerus. 

„         3.  Part  of  another. 

„  4-10.  Pieces  of  above. 

„        11.  Piece  of  a  jaw. 

„        12.  Paddle  ossicles. 

„  13-21.  Portions  of  vertebrae. 

„  22-25.  Ribs. 

No.  11  is  very  interesting,  but  unfortunately  it  is  only  the 
anterior  half  of  the  lower  jaw,  and  does  not  contain  any  teeth. 

In  addition  to  the  above  there  are  some  dozens  of  pieces  of  bone, 
principally  vertebrae  and  ribs. 

The  condition  of  the  remains  is  interesting.  Being  found  in  a  soft 
sandy  deposit  they  were  easily  extracted,  a  chisel  not  being  required. 
There  has  been  little  labour,  therefore,  in  freeing  the  bones  from 
the  matrix,  an  operation  that  would  have  been  exceedingly  difficult 
had  they  been  in  hard  rock.  It  is  no  doubt  due  to  the  fact  that  the 
specimens  are  very  ferruginous  (some  being  almost  like  cast  iron) 
that  they  are  in  such  a  good  state  of  preservation. 

Seeing  that  remains  of  Cryptocletdua  have  not  previously  been 
recorded  from  the  Kellaways  Rock,  it  would  perhaps  be  as  well 
if  a  word  or  two  were  said  on  the  stratigraphical  position  of  these 
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particular  speoimens.     The  geology  of  Mill  Hill  is  simple,  and  may 
JDe  briefly  stated  as  follows  : — 


Formations. 


1.  Superficial  Graveb. 

2.  Kellaways  Rock. 

3.  Kellaways  Sand. 

4.  Great  Oolite  Clay  or 

Sandy  Oolite. 

5.  Millepore  Oolite. 


Description. 


Loose  waterwom  gravel  and 

sand. 
Hard  nandstone  with  fossils  { 
Ferruginous  sands.  > 

Sand  and  clay. 

Hard  limestone  with  fossils. 


Whbrb  Exposed. 


In  a  quarry  on  the  top  of  the 

In  the  quarry  where  the 
Saurian  bones  occurred. 

In  a  well -section  lower  down 
the  hill. 

At  the  base  of  the  hill. 


The  fact  that  thin  beds  of  sandstone,  with  well-known  Kellaways 
Rock  fossils,  occur  some  six  feet  above  the  bed  containing  the 
remains,  clearly  indicates  that  the  bones  were  found  in  what  is 
known  as  the  Kellaways  Sands.  These  beds  are  well  exposed  in 
the  railway  cutting  at  South  Cave,  a  short  distance  away,  though  of 
this  section  Mr.  Fox-Strangways  says,^  "  the  beds  [of  the  Great 
Oolite  Clay]  are  so  similar  to  the  sands  of  the  Kellaways  Book 
above  that  it  is  difficult  to  fix  an  exact  horizon  between  them." 

The  question  arises,  does  the  lower  part  of  the  section  on  Mill 
Hill,  in  which  the  Cryptocleidm  remains  were  found,  belong  to  the 
Kellaways  Sands  or  the  Great  Oolite  Clay  series  ?  The  beds  of  the 
Great  Oolite  Clay  (sometimes  called  the  *  Sandy  Oolite ')  consist 
mostly  of  sands,  clayey  in  parts.*  This  rock,  however,  occurs 
further  down  the  hill.  In  a  previous  paper'  I  have  described  a  well 
section  that  was  being  made  in  1895,  which  was  sunk  in  the  Great 
Oolite  Clay.  It  showed  six  feet  of  stiff  blue  clay,  greatly  mottled 
and  stained  with  yellow,  containing  no  fossils  or  stones.  Below 
this  was  about  three  feet  of  yellow  clay ;  the  standing  water  pre- 
vented me  from  seeing  further,  but  at  one  end  of  the  heap  of 
excavated  material  at  the  top  of  the  well  was  a  quantity  of  fine 
yellow  sand,  which  had  no  doubt  been  taken  from  below  the  yellow 
clay.     This  section  was  some  distance  down  the  hill. 

At  the  bottom  of  Mill  Hill  are  some  small  exposures  in  the 
Millepore  Oolite,  whilst  at  the  top  I  have  frequently  observed  slabs 
of  Kellaways  Rock  in  the  floor  of  the  gravel-pit,  hard  masses  of 
this  rock  evidently  occurring  in  a  few  places  towards  the  top  of 
the  hill.  Taking  all  into  consideration,  therefore,  there  can  be  little 
doubt  that  the  Saurian  occurred  in  the  Kellaways  Sand,  and  the 
discovery  of  these  relics  of  Cryptoeleidtis  give  that  animal  a  much 
earlier  and  longer  period  of  sojourn  upon  this  earth  than  previous 
records,  from  the  Oxford  Clay,  have  warranted. 

In  searching  for  records  of  similar  finds  previously  obtained  from 

*  **  The  Geology  of  the  Country  between  York  and  Hull "  :  Geol.  Survey  Mem., 
1886,  p.  22. 

*  Loc.  cit.,  p.  22. 

'  **  Notes  on  EUphas  antiquwt  and  other  remains  from  the  Gravels  at  Elloughton, 
near  Brough,  East  Yorkshire"  :  Proc.  Yorks.  Geol.  and  Polyt.  Soc.,  1897,  p.  222. 
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the  Kellaway8  series,  I  noticed  that  Phillips,  in  his  "  G^eology  of 
Yorkshire,"  ^  in  a  list  of  "  Fossils  from  the  Kellaways  Rock,"  refer» 
to  a  *'ooracoid  bone?  of  a  saurian  animal,"  and  this  is  the  only 
record  of  any  kind  that  I  have  been  able  to  find.  I  thought  it 
possible  that  the  specimen  referred  to  by  Phillips  might  be  in  the 
York  Museum.  On  communicating  with  Mr.  Platnauer,  the  Curator, 
however,  on  the  matter,  he  states  —  "Phillips'  'Undetermined 
Coracoid '  from  the  Kellaways  is  not  in  our  Museum.  Indeed,  our 
collections  have  no  vertebrate  remains  from  the  Kellaways  Bock 
at  all." 

It  should  be  mentioned  that  whilst  at  Scarborough  recently 
I  noticed  two  lumps  of  hard  ferruginous  rock  in  the  Museum 
grounds,  the  matnx  and  general  appearance  of  which  very  much 
resembled  that  of  the  Kellaways  Bock,  which  is  exposed  in  several 
places  in  the  neighbourhood.  Each  piece  on  its  broken  face  ex- 
hibited  the  section  of  a  huge  bone,  somewhat  resembling  the  paddle- 
bones  from  Mill  Hill,  just  described.  A  portion  of  an  articular 
surface  also  protruded  from  one  of  the  pieces.  Of  course  it  i» 
possible  that  these  two  Scarborough  blocks  were  found  together 
in  the  Kellaways  Bock,  and  it  is  not  even  improbable  that  they 
represent  the  specimens  referred  to  by  PhQlips.  In  the  absence 
of  labels  or  other  information,  however,  we  are  left  in  the  dark  on 
these  points,  but  it  seems  desirable  that  the  specimens  should  be 
recorded. 


III. — Coal  Plants.      Inoontbovbbtible    Evidbnob    op    Growth 

IN  SITU, 

By  W.  S.  Greslby,  F.G.S.,  F.G.S.A. 

THE  fossils  to  which  this  communication  relates  were  described 
and  the  deductions  drawn  from  their  mode  of  occurrence  in  a 
paper  I  submitted  to  the  Geological  Society  of  London  in  1896,  but  as 
that  paper  was  not  printed  in  extenso  (see  Q.J.G.S.,  vol.  liii,  p.  245), 
with  the  Editor's  kind  permission  the  gist  of  it  appears  as  follows. 

I  am  not  aware  that  entirely  satisfactory  evidence  showing  that 
any  of  the  coal-forming  plants*  grew  exactly  where  they  occur 
to-day  as  fossils,  has  as  yet  been  produced.  What  authenticated 
cases  of  demonstrated  growth-in-plaoe  coal-forming  plants  have  been 
admitted  by  reliable  or  competent  workers  and  teachers  in  thi& 
connection?  While  many  instances  of  tree  stumps  with  root- 
processes  and  other  forms  of  vegetation  more  or  less  in  contact  with, 
beds  of  coal  have  been  cited  in  many  countries,  in  no  case  do  they 
seem  to  have  contributed  coal  to  the  seam,  or  been  found  to  be 
composed  of  but  little  else  than  material  foreign  to  coal  (stone, 
pyrites,  clay,  shale,  eta).  Many  trustworthy  observers  have  pointed 
out  the  danger  in  taking  it  for  granted  that  erect  fossil  stumps  met 

1  1829  edition,  p.  142. 

*  The  term  *  coal-forrain^ '  used  in  this  paper  means  entering  more  or  lea* 
extensively  into,  or  contributing,  material  of  a  coal-like  aspect  and  chemical  com- 
position, practically  the  same  as  the  coal-bed  in  which  occurring,  with  which  to  help^ 
to  pile  up  or  add  thickness  to  the  seam. 
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with  in  or  upon  (very  rarely  in)  a  coal-bed  grew  where  they  now 
are ;  but  if  a  ease  of  growth  in  place  in  coal  has  been  or  can  be 
established,  notwithstanding  the  substance  of  the  fossil  is  rock  or 
shale,  nobody  will  dispute  that  the  tree  or  the  plant,  whatever  it 
was,  did  contribute  some  coaly  material  to  the  coal-bed  in  which  it 
flourished.  Be  this  as  it  may,  the  object  of  this  paper  is  to  record 
the  occurrence  of  forms  or  fossils  composed  of  coal  in  actual  contact 
with  beds  of  coal,  that  unquestionably  were  plants  that  grew 
absolutely  in  stitl,  and  thus  to  establish  the  fact  that  some  coal-seams, 
and  typical  ones  too,  are  partly,  at  any  rate,  composed  of  vegetal 
remains  that  have  lived  and  died  exactly  on  the  spots  now  occupied 
by  them.  I  also  want  to  make  it  quite  evident  that  the  forms  to 
which  special  reference  is  here  made  grew  under  water. 


c  ^       -J 

Coal. 
-  Fireclay. 

Black  shale. 

7 

A    'P^g^^'g 

^^^^1^ 

^  A'  Coal. 

D. 

Fio.  1. — Section  of  Coal  and  Clay-slate. 

The  coal-seam  A,  Fig.  1  (the  uppermost  few  inches  of  which 
appear),  is  about  6  feet  thick  :  it  is  overlain  by  a  layer  of  black, 
tough  shale  (called  'bone'),  B,  which  is  about  2  inches  thick. 
Over  this  'bone'  comes  10  to  11  inches  of  mottled  fireclay,  C,  and 
the  clay  is  followed  by  strata  of  coal  and  shale  for  several  feet. 
These  alternations  of  Coal-measures  (Carboniferous),  with  trifling 
local  differences,  obtain  for  a  very  large  portion  of  the  area  of  the 
seam,  which  is  the  '  Pittsburg '  bed  in  S.W.  Pennsylvania. 

An  examination  of  the  horizon  A- A'  —  the  top  of  the  seam  of 
coal  proper — reveals  the  phenomenon  of  the  bright,  brittle,  pitch- 
like coal  laminae,  sending  out,  or  more  properly,  having  developed, 
upward  swellings,  expansions,  and  horn-like  processes  D,  not  only 
into  the  black  shale  B,  but  also  into  the  clay  C,  and  in  those  two 
strata  dividing,  branching,  curving,  and  expanding  in  a  peculiar 
but  uniformly  characteristic  manner.  This  phenomenon  is  a  very 
common  one ;  and  since  these  coaly  forms  extend  very  much  farther 
horizontally  than  vertically,  and  possess  their  limbs,  lobes,  expansions, 
branches,  leaves,  or  whatever  their  parts  or  processes  should  be 
called,  in  ever  varying  shape,  position,  and  trend,  any  section  or 
exposure  of  them  shows  change  and  difference  in  form.  In  some 
places  they  appear  in  great  profusion,  in  others  are  scattered  or  of 
less  development  and  therefore  less  conspicuous.  As  to  chemical 
composition  and  physical  aspect,  these  strange  meandering  forms  in 
the  top  of  the  coal-seam  differ  but  little,  if  at  all,  from  the  black  brittle 
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laminas  lower  down  in  the  seam,  where  the  forking  and  corviDg 
phenomena  are  very  much  leBB  in  evidence.  Occasionidly  one  notioes 
suggestions  of  a  core  or  centre  in  these  fossils— a  little  clay  or  pyrites, 
for  instance — hut  the  majority  of  them  are  composed  of  compact, 
bright,  brittle,  apparently  structureless  coal.  The  exteriors,  when 
the  fossils  enter  the  clay,  are  always  filmed  with  clay,  but  seem 
quite  devoid  of  markings — are  very  smooth.  A  noticeable  feature 
of  the  terminals  or  extremities  of  the  leaves  or  processes  is  a  tendency 
to  thicken  or  become  slightly  bulbous  there.  Ck)mplete  pockets  of 
•clay  are  sometimes  seen  in  them.  When  embedded  in  the  coal-seam 
they  cannot  be  separated  from  the  matrix.  The  longest  individual 
measured  over  12  feet ;  the  thickest  part  of  any  one,  about  4  inches, — 
and  all  compact  coal.  Barely  one  reaches  to  the  base  of  the  coal 
above  the  fireclay  C ;  and  here  and  there  specimens  seem  wholly  in 
the  latter  stratum.  From  an  examination  of  a  very  large  number  of 
these  forms,  extending  over  many  years  of  my  professional  work 
(that  of  a  mining  engineer),  underground  in  coal-mines  and  in  clay- 
mines,  as  well  as  in  open-cast  workings  in  coal  and  fireclay  districts, 
my  conclusion  is  that  in  form  or  shape  these  fossils  resemble,  more 
than  anything  else  I  know  of,  the  fronds  of  the  Elk-horn  fern. 
Fish  teeth,  scales,  etc.,  have  been  found  in  contact  with  these  coaly 
forms. 

Viewed  or  regarded  as  veins,  or  in  a  purely  stratigraphical  and 
physical  light,  wholly  apart  from  botanical  considerations,  these 
forms  or  shapes  of  coaly  material,  since  they  intersect  the  beds  B 
and  C,  would  be  regarded  as  having  been  formed  there  or  placed  there 
since  those  beds  were  deposited.  But  as  those  forms  are  presumed 
to  be  of  vegetable  origin,  fossil  plants  or  parts  of  plants  which 
evidently  contributed  coal  to  the  seams  A-A',  two  explanations  of 
their  origin  are  possible,  viz. :  (1)  That  they  are  the  drifted  and 
buried  remnants  of  shrunk-up  parts  of  trees,  etc. ;  and  (2)  that  they 
are  plants  which  grew  and  died  where  they  now  are.    If  the  former, 


Fio.  2. 

then  they  became  buried  before  the  coal  A  was  fully  accumulated, 
and  therefore  before  B  and  before  0  were  deposited ;  if  the  latter, 
then  we  ought  to  find  some  tangible  proof  of  the  fact  in  oonneotion 
with  them.  That  there  is  this  proof  is  the  burden  of  this  paper^-of 
my  argument.  When  these  forms  or  fossils  are  strongly  in  evidence 
and  protrude  stout  processes  up  into  the  clay  C,  two  things  are 
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notioeable :  one  is  that  the  black  shale  or  '  bone '  bed  is,  as  it  were, 
ploughed  up  and  overturned  along  the  sides  of  the  ooaly  intruders 
(see  Fig.  2) ;  and  the  other  is  that  ruptured  masses  of  the  '  bone'  are 
seen  to  lie  upon  the  backs  and  tops  of  the  more  prominent  expansions 
(see  D,  Fig.  2),  making  it  perfectly  plain  that  these  plants,  in  pushing 
their  way  upwards,  carried  patches  or  strips  of  the  layer  B  with 
them  in  the  water  (they  must  have  been  under  water)  or  slime  in 
which  they  were  growing.  I  fail  to  see  how  one  could  wish  for 
a  more  striking  demonstration  of  expansive  or  upward  growth  of 
plants  ahaolutdy  in  place  of  growth  than  such  as  this  figure  is  typical 
of.     What  other  explanation,  I  ask,  will  be  satisfactory  ? 

But  if  we  would  attempt  to  account  for  this  phenomenon  by 
supposing  the  forms  were  in  place  before  the  bone  layer  was 
deposited,  its  deposition  would  have  been  a  horizontal,  even,  or 
unbroken  one,  and  the  projecting  (?  woody)  processes,  such  as  D, 
Fig.  2,  would  have  stood  up  through  or  been  left  bare  of  it,  as 
suggested  in  Fig.  1.  But  we  are  not  left  to  conjecture  upon  this 
point    Look  at  the  conditions  or  the  phenomenon  sketched  in  Fig.  3, 


D 

Fio.  3. 

for  clearly  here  we  have  one  of  these  forms,  D,  actually  arrested  as 
it  were  in  the  act  of  rupturing  the  bone  layer  B.  That  that  stratum 
was  undergoing  lateral  stretching,  amounting  to  tearing  it  asunder 
at  £  and  F,  as  well  as  crumpling  or  thrusting  it  aside  at  G,  when 
overwhelmed  or  when  solidification  took  place,  and  that  the  cause  of 
the  rending  and  twisting  was  the  lateral  thrust  from  the  extension 
towards  G  of  the  form,  or  coal-plant  growth,  D,  is  to  my  mind 
perfectly  clear,  admitting  of  no  other  explanation  when  taken  in 
conjunction  with  the  phenomena  illustrated  in  Figs.  1  and  2,  besides 
other  facts  to  be  noted. 

Having  these  forms  of  coaly  material  interlamioated  or  inter- 
stratified  with  the  body  of  the  coal-seam  in  a  descending  direction, 
and  inseparably  connected  stratigraphically  and  physically  in  the 
opposite  direction  with  the  beds  immediately  overlying  the  coal- 
seam,  to  draw  a  hard  and  fast  line  between  the  coal-t^d  and  the 
clay  above  it  is  impossible.  The  conclusion,  then,  is,  that  growth 
in  aitHy  for  a  part  at  least,  of  the  seam  of  coal,  must  be  granted,  even 
by  those  who  would  prefer  what  we  call  the  *  drift  theory.'    Another 
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point  that  seems  to  admit  of  no  question  is  this :  that  sinoe  these 
coaly  forms  grew  in  place,  that  '  place '  cannot  have  been  other  thaa 
under  water,  for  the  reason  that  the  black  slime,  the  stratum  B, 
must  have  been  an  aquatic  deposit :  so  that  our  '  coaly  forms '  were 
denizens  of  mud  and  presumably  of  water  too. 

Other  facts  may  be  cited  in  this  connection.  The  underclay  or 
<  seat  earth '  of  the  No.  2  coal-bed  in  Illinois — a  seam  fetr-reaching  in 
extent  and  of  wonderfully  uniform  thickness  and  character  as  regards 
floor,  coal,  and  roof — in  very  many  places  is  penetrated  by  ^  coaly 
forms'  possessing  the  same  facies  and  characteristics  as  those  we 
have  been  considering  in  the  '  Pittsburg '  seam.  If  the  reader  will 
look  at  Figs.  1,  2,  and  3  upside  down,  and  disregard  the  bed  B,  tbe 
general  aspect  of  these  forms,  in  vertical  sections,  will  appear.  In 
other  words,  they  are  grown  to  the  coal-bed,  and  protrude  twisty  and 
homy  sheets  of  compact  bright  coal  in  every  variety  of  shape  and 
direction  into  the  underclay  ;  thus  making  it  evident  that  they  were 
formed  exactly  where  they  are  now,  and  that  some  of  the  laminations 
of  the  coal-bed  also,  as  plants  or  parts  of  plants,  lived  and  died  in 
place  of  growth.  The  characteristic  markings  of  Stigmaria  have  also 
been  observed  in  this  underclay,  but  so  totally  different  are  the  two 
fossils  or  objects  and  their  state  of  preservation,  that  to  get  confused 
in  tracing  them  is  impossible.  Here,  then,  also  we  cannot  escape  the 
inference  that  these  coaly  forms  were  plants  of  aquatic  habitat ;  and 
although  admitting  some  shrinkage  or  reduction  in  bulk  to  have 
taken  place  during  conversion  from  vegetal  matter  into  brittle 
material  resembling  coal,  it  is  evident  that  comparatively  little 
shrinkage  did  obtain. 

Besides  the  above  localities  that  have  produced  this  kind  of  coal- 
bed  formation  phenomena,  the  author  has  discovered  very  similar 
fossils  in  contact  with  three  or  four  coal-beds  in  the  Leicestershire 
and  South  Derbyshire  Coalfield  ;  in  fact,  it  was  in  the  mines  in  this 
district  that  they  first  attracted  his  attention. 

Doubtless  similar  forms  exist  in  other  regions,  and  the  discovery 
and  study  of  them  will  yet  furnish  valuable  facts  in  this  line.  I  am 
fully  aware  that  if  tbe  palseobotanist  and  microscopist  were  to  pass 
judgment  on  my  observations  and  conclusions,  they  would  say  the 
case  was  *  not  proven ' ;  but  my  contention  or  claim  is  this :  that  no 
matter  what  the  anatomy  and  inteinal  organization  of  these  forms 
was  and  may  yet  be  found  to  show,  tbe  stratigraphical  evidence  is 
clearly  pronounced,  unmistakable,  and  altogether  in  favour  of  my 
contention.  Further,  I  hold  this :  that  science  does  not  demand 
a  demonstration — a  knowledge — of  the  anatomical  structure  of  an 
extinct  plant  or  animal  to  prove  or  claim  the  existence  or  discovery 
of  a  new  species  or  genus  when  the  shape  or  form  (cast  or  mould,  etc.) 
of  such  make  it  evident  that  something  new  has  turned  up.  But 
time  will  show  whether  or  not  I  have  come  upon  something  new  or 
important  in  this  interesting  question  of  coal-bed  formation.  If 
I  have  made  my  claim  good,  it  is  for  those  who  may  refuse  to  accept 
it  to  show  that  these  fossils  did  not  have  the  attributes  and  environ- 
ment herein  described  or  suggested. 
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IV. — A  Gretwethbr  at  South  Kensington. 
By  H.  B.  Woodward,  F.R.S. 

IN  the  Geological  Magazine  for  MaToh,  1891,  p.  119,  I  drew 
attention  to  the  occurrence  of  a  large  Grey  wether  in  Moscow 
Street,  Bayswater.     Another  and  smaller  example  has  lately  been 
discovered  in  the  foundations  for  the  new  buildings  of  the  Victoria 
and  Albert  Museum,  South  Kensington.     The  excavations  show  : 
Made  ground  and  soil,  about  5  feet. 
Gravel,  full  thickness  about  20  feet 
London  Clay  with  cement  stones. 


Greywether  or  Sarsen-stoue  from  the  Gravel.     Victoria  and  Albert  Museum,  South 
Kensin^n.     (One-twelfth  natural  size.) 

The  Greywether  was  found  at  the  south-western  part  of  the  site, 
ten  feet  from  the  surface,  and  at  a  depth  of  five  feet  below  the  top 
of  the  undisturbed  gravel.  In  size  it  is  3  ft.  10 in.  by  3  ft  3  in.  and 
2  ft.,  according  to  the  greatest  measurements,  but  the  stone  is 
somewhat  irregular  in  shape  and  the  bulk  is  less  than  these  full 
measurements  would  indicate.^  The  stone  is  a  somewhat  coarse 
sandstone,  with  the  grains  more  distinct  than  in  many  examples 
of  Greywether  or  Sarsen-stone.  One  side  is  much  smoothed  and 
almost  polished,  as  if  by  wind-drifted  sand.  The  block  may  have 
been  formed  in  the  Bagshot  Sand,  and  may  have  long  remained  on 
the  surface  of  the  land  in  Pre-Glacial  times,  a  relic  of  Eocene  strata 
the  denudation  of  which  took  place  partly  during  the  Miocene  and 

*  Mr.  C.  Barlow,  Mason-Formatore  in  the  Geological  Department,  estimates  the 
•cubic  contents  of  the  *  Sarscn-stone '  at  from  10  to  11  feet,  and  its  weight  from 
13  cwt.  to  14  c>vt. 
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Pliocene  periods.  It  may  have  been  shifted  and  incorporated  in 
glacial  drift,  and  afterwards  dislodged  and  transported  by  river-ice^ 
and  thus  transferred  to  the  wide-spreading  gravels  of  the  Thames- 
Valley.  It  is,  however,  impossible  to  speak  precisely  of  its  past 
history.  The  fact  of  its  occurrence  is  interesting,  as  Mr.  Whitaker 
has  remarked  that  such  blocks  "  occur  somewhat  rarely  in  our  Biver- 
Gravel."  An  example  fully  three  feet  across  was,  however,  noticed 
by  Mr.  J.  Allen  Brown  at  Alperton,  in  the  Brent  "Valley,  and  other 
records  have  been  published.' 

The  specimen  to  which  attention  is  now  directed  was  observed  by 
Colonel  0.  E.  Bushe,  F.G.S.,  and  he  lost  no  time  in  securing  it  and 
in  presenting  it  to  the  British  Museum  of  Natural  History,  Cromwell 
Boad,  where  it  will  be  preserved  and  placed  in  the  Garden  on  the- 
eastern  side  near  the  Fossil  Tree  from  Craigleith,  Edinburgh,  and 
not  very  far  from  the  spot  where  it  was  discovered  in  the  GraveL 


V. — Pleistooknb  Shells  fbom  the  Baised  Beaoh  Deposits  of^ 

THE  Bed  Sea. 

By  R.  BuLLBx  Newton,  F.G.S.,  of  the  British  Museum  (Natural  History). 

{Concluded  from  the  November  Number,  p,  614.) 

(PLATES    XX-XXII.) 

Family  CONID^a:. 

Conns  flavidns,  Lamarck. 

Conus  Jiavidusj  Lamarck  :  Hist.  Nat.  Anim.  sans  Vert.,  vol.  vii  (1822),  p.  468. 

Distribution. — Bed  Sea,  East  Africa,  Ceylon,  Java,  etc.  (Tryoii) ;. 

Bed  Sea,  Persian  Oulf,  East  Africa,  Polynesia,  Fiji  Islands,  etc. 

(E.   A.  Smith).      CoU.  Geol.  Surv.  Egypt:    raised  beach  80  feet 

above  sea,  Camp  6,  north  of  Wadi  Gueh,  west  of  Kosseir  (Nos. 

1,651,  1662,  Box  No.  79/). 

Conns  miliaris,  Hwass. 

Conu$  miliaris,  Hwass. :  Encyclop.  Mtftbodique,  1792,  toI.  i  (vers),  p.  629. 
Distribution. — Bed   Sea  to  Sandwich  Islands  (Tryon).      CoU, 
Geol.  Surv.  Egypt :   beach  east  of  Gharib  (Nos.  2,227-2,254,  Box: 
No.  17/). 

Conns  monachus,  Linnaeus. 
Conus  monachuSf  Limiffius:  Systema  Naturae,  10th  ed.  (1758),  p.  714. 
DiSTBiBUTioN. — Philippines  and  New  Caledonia  (Tryon).  ColL 
Geol.  Surv.  Egypt :  raised  beach  80  feet  above  sea.  Camp  6,  north 
of  Wadi  Gueh,  west  of  Kosseir  (Nos.  1,651,  1,662,  Box  No.  79/) ; 
raised  beach,  Camp  6,  Wadi  Gueh  (Nos.  1,691  and  1,667,  Bor 
No.  SOh), 

Conns  nussatella,  LinnsBus.    (PL  XX,  Fig.  8.) 

Contis  nusmtella,  Linnaeus  :  Systema  Naturae,  10th  ed.  (1758),  p.  716. 

Distribution. — Beach  deposits  of  Bed  Sea  (Gray  &  Frembley,. 

Issel) ;  Bed  Sea  to  Polynesia  (Tryon) ;  Aden,  Bed  Sea,  East  Africa,- 

Ceylon,  Java,  Philippines,  North  Australia,  Polynesia  (E.  A.  Smith). 

Coll.  Geol.  Surv.  Egypt :  beach  east  of  Gharib  (Nos.  2,227-2,254^ 

1  See  Whitaker:  **  Geology  of  London,"  vol.  i,  pp.  330,  362,  449  etc. 
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Box  No.  17;) ;  raised  beach  20  feet  above  sea  at  Gharib  lighthouse 
(Nos.  2,058-2,098,  Box  No.  18/) ;  raised  beaoh  80  feet  above  sea, 
Gamp  6,  north  of  Wadi  Oaeh,  west  of  Eosseir  (Nos.  1,653,  1,654, 
Box  No.  80y) ;  raised  beaoh,  Wadi  Oueh,  Camp  6  (Nos.  1,591  and 
1,567,  Box  No.  SOJfc). 

Conus  omaria,  Hwass.    (PL  XX,  Fig.  9.) 

Conus  omaria,  Hwass. :    Encydop.   M6tfaodique,    1792,    vol.   i    (yen),  p.    743 
{rspennaeeus.  Bom,  tide  Tiyon). 

DiSTBiBUTiON. — Bed  Sea,  Philippines  (Tryon).  Coll.  OeoL  Sorv. 
Egypt:  50  foot  beaoh,  Gemsah  (Nos.  2,031-2,057,  Box  No.  58/); 
raised  beach.  Camp  6,  Wadi  Oueh  (Nos.  1,591  and  1,567,  Box 
No.  SOJfc). 

Conns  generalis,  Linnaous. 

Conu$  generality  Linnsdiis :  Systema  Natiine,  12th  ed.  (1767),  toL  i,  pt.  2,  p.  1,166. 

DiSTRiBXTTioM. — Besoh  deposits  of  the  western  shore  of  Bed  Sea 
(Gray  &  Frembley);  Bed  Sea,  Ceylon,  East  Africa,  Philippines, 
New  Caledonia  (Tryon) ;  Aden,  Bed  Sea,  Ceylon,  East  Africa, 
PhUippines,  eta  (E.  A.  Smith).  Coll.  Oeol.  Snrv.  Egypt:  Bas 
Gharib  (Barron). 

Conus  textile,  Linnsans. 
Conus  textile  J  linnaens :  Systema  NatnrsB,  10th  ed.  (1758),  p.  717. 

Distribution. — Bed  Sea,  Indian  Ocean,  Philippines,  Polynesia, 
Aden  (E.  A.  Smith) ;  beach  deposits,  western  borders  of  Bed  Sea 
(Gray  &  Frembley) ;  Bed  Sea,  Mauritius,  Philippines,  eta  (Tryon). 
Coll.  Geol.  Surv.  Egypt :  raised  beach  80  feet  above  sea.  Gamp  5, 
Wadi  Gueh  (No.  1,608,  Box  No.  54A;). 

Conus  tessellatus,  Brugui^re. 

Conm  teeeellatus,  Bragui^ :  Encydop.  M6thodiqae,  1792,  pi.  cocxxyi,  fig.  7. 

Distribution. — Beach  deposits,  western  shores  of  Bed  Sea  (Gray 
and  Frembley) ;  Gulf  of  Akaba  and  Bed  Sea  beach  deposits  (Issel) ; 
Aden,  Pidang,  Sumatra  (E.  A.  Smith) ;  Bed  Sea  (B.M.) ;  Bed  Sea, 
Mauritius,  Ceylon,  Philippines,  etc.  (Tryon).  Coll.  G^l.  Surv. 
Egypt :  raised  beach  80  feet  above  sea,  Camp  5,  Wadi  Gueh  (No. 
1,608,  Box  No.  54ik). 

Conus  virgo,  var.  emaciatns,  Beeve. 

Conus  virgo,  Liimffius:  Systema  Naturee,  10th  ed.  (1768),  p.  713. 

Conus  emaeiatttSf  Reeve  :  Conchologia  Iconica,  1849,  Suppi.,  pi.  y,  fig.  248. 

DiSTBiBUTiON.— Philippines  (B.M.) ;  Java,  Philippines,  Australia, 
Polynesia  (Tryon).  ColL  (Jeol.  Surv.  Egypt :  raised  beach,  Wadi 
Gueh,  Camp  6  (Nos.  1,591  and  1,567,  Box  No.  30A). 

Family  BULLID^. 

Bulla  ampulla,  Linnaeus. 

Bulla  ampulla,  linnsexis :  Systema  Naturse,  10th  ed.  (1758),  p.  727. 

DiSTsiBUTiON. — Beach  deposits  western  borders  of  Bed  Sea  (Gray 

and  Frembley) ;  desert  of  Attaka,  near  Suez  (Issel) ;  Aden,  liidian 

and  Pacific  Oceans  (E.  A.  Smith).    Coll.  Geol.  Surv.  Egypt :  Jebel 

Zeit  (Barron) ;  raised  beaoh  20  feet  above  sea  at  Gharib  lighthouse 

DBCADB  IT.— TOL.  VII. — ^NO.  XII.  35 
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(No0.  2,058-2,098,  Box  Na  18y) ;  beach  against  old  ialaiid  west  of 
Camp  51,  south  of  Gharib  lighthouse  (Nos.  2,021-2,030,  Box  No. 
57;*) ;  raised  beach  80  feet  above  sea.  Camp  6,  north  of  Wadi  Gkwh, 
west  of  Kosseir  (Nos.  1,651, 1,652,  Box  No.  79; ). 

Class  SCAPHOPODA. 

FamUy  DENTALIID-ffl. 

Dentalium  ootogonum,  Lamarck. 
Dentalium  oetogmum,  Lamarck :  Hist.  Nat.  Anim.  sans  Yert,  toI.  t  (1818),  p.  S44. 
Distribution. — ^Bed  Sea  and  Persian  Oulf,  and  Bed  Sea  beach 
deposits  (Issel).  ColL  Geol.  Sunr.  Egypt:  Bas  Oharib  (Barron); 
raised  beach  20  feet  above  sea,  Oharib  lighthouse  (Nos.  2,058-2,098, 
Box  No.  18y). 

Class  LAMELLIBRANCHIATA. 

Family  ABCID-ffl. 

Area  imbricata,  Brugui^re. 

Area  tmbrieata,  Brugui^ :  Encydop.  Methodique,  1789,  toI.  i  (yers),  p.  98. 

DiSTBiBUTiOM. — West  Indies,  Fernando  Noronha,  South  Africa, 
Indian  Ocean,  Australia,  Aden  (E.  A.  Smith);  Philippines,  Zanzibar, 
eta  (B.M.).  ColL  Qeoh  Surv.  Egypt:  raised  beach  20  feet  above 
sea  at  Oharib  lighthouse  (Nos.  2,058-2,098,  Box  No.  18/) ;  50  foot 
beach,  Oemsah  (Nos.  2,031-2,057,  Box  No.  58/);  raised  beach. 
Camp  6,  Wadi  Oueh  (Nos.  1,562  and  1,564,  Box  No.  61i). 

Area  rotundioostata,  Beeve. 

Area  rotundveostata^  Reeve :  Conchologia  Iconica,  vol.  ii  (1844),  pi.  Tii,  fig.  46. 
Distribution.  —  Locality  unknown   (B.M.).    Coll.   (3eol.   Surv. 
Egypt :  plain  between  Bas  Oemsah  and  Jebel  Zeit  (No.  2,224,  Box 
No.  12y). 

Area  squamosa,  Lamarck. 
Area  t^uamosa,  Lamarck :  Hist.  Nat.  Anim.  sans  Vert.,  1819,  p.  45,  toI.  Ti,  pt.  1. 
DiSTBiBXTTiOM. — Sucz,  Australia  (Issel).    Coll.  (JeoL  Surv.  Egypt: 
raised  beach  20  feet  above  sea  at  Oharib  lighthouse  (Nos.  2,058- 
2,098,  Box  No.  18y). 

Anadara  antiquata,  Linnsdus.     (PL  XXI,  Fig.  6.) 

Area  antiquata^  LianaeoB :  Systema  NatursB,  10th  ed.  (1768),  p.  694. 
Distribution. — Beach  deposits,  western  shore  of  Bed  Sea  (Oray 
and  Frembley) ;  Australia,  Indian  Ocean,  Mozambique  (E.  A.  Smith). 
CoU.  (Jeol.  Surv.  Egypt :  Eecent  beach  south  of  Gharib  lighthouse 
(Nos.  2,198-2,216,  Box  No.  53j) ;  raised  beach  80  feet  above  sea. 
Camp  6,  north  of  Wadi  Oueh,  west  of  Eosseir  (No.  1,644,  Box 
No.  74;) ;  raised  beach.  Camp  6,  Wadi  Oueh  (No.  1,601,  Box 
No.  56Jfc;  Nos.  1,562  and  1,664,  Box  No.  61ik). 

Anadara  radiata,  Beeve. 
Area  radiata,  Beeve:  Conchologia  Iconica,  toI.  ii  (1844),  pi.  vi,  fig.  40  {s^$eaph4i, 
IsBel,  mn  Chemnitz). 
DiSTBiBUTioN. — Gulf  of  Akaba,  Suez  (Issel).     CoU.  (Jeol.  Surv. 
Egypt :  plain  between  Bas  Oemsah  and  Jebel  Zeit  (No.  2,228,  Box 
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^o*  ^j)  f  young  forms  from  raised  beaoh  east  of  Jebel  Esh  (Nos. 
2,172-2,190,  Box  No.  64/) ;  60  foot  beaoh,  Gemsah  (Nos.  2,031- 
2,057,  Box  No.  68/) ;  beach  No.  2,  north-west  of  Oamp  40,  plain 
east  of  Jebel  Mellaha,  east  of  Bed  Sea  Hills  (No.  2,266,  Box 
No.  26A) ;  Bas  Shokair,  west  coast  of  the  Galf  of  Suez,  north-east  of 
€amp  60  (No.  2,267,  Box  No.  S7h). 

Barbatia  lima,  Beeve. 

Area  lima,  Reeye:  Concbologia  Iconica,  vol.  ii  (1844),  pi.  xv,  fig.  101. 
Distribution. — Philippine  Islands,  Oape  York,  Aden  (E.  A.  Smith). 
€oll.  Geol.  Surv.  Egypt :  beach  east  of  Gharib  (Nos.  2,227-2,264, 
Box  No.  17y) ;  raised  beach  20  feet  above  sea  at  Gharib  lighthouse 
(Nos.  2,068-2,098,  Box  No.  18/;  Nos.  2,090-2,106,  Box  No.  20/)  ; 
raised  beach.  Camp  6,  Wadi  Gueh  (No.  1,601,  Box  No.  5Bh ;  Nos. 
1,662  and  1,664,  Box  No.  61]k). 

Olycymeris^  pectnncnlus,  Linnaeus.     (PL  XXI,  Fig.  7.) 

Area  peetuneulm,  limueus  :   Systema  Natorte,  10th  ed.  (1758),  p.  696  {=peetini- 
formisy  Lamarck). 

Distribution. — Bengal,  Suez  Bay,  Galf  of  Akaba,  Persian  Gulf, 
Madagascar  (£.  A.  Smith)  ;  beach  deposits,  western  shore  of 
Bed  Sea  (Gray  &  Frembley,  Issel)  ;  Gulf  of  Akaba,  Suez  Bay, 
Philippines  (Issel).  Ooll.  Geol.  Surv.  Egypt :  beach  east  of 
Gharib  (Nos.  2,227-2,264,  Box  No.  17/) ;  Becent  beach  south  of 
Gharib  lighthouse  (Nos.  2,198-2,216,  Box  No.  63/) ;  60  foot  beach, 
Gemsah  (No.  2,043,  Box  No.  63/) ;  big  bay  south  of  Sherm,  Sinai 
(No.  3,627,  Box  No.  442) ;  a  young  form  from  raised  beach  east  of 
Jebel  Esh  (Nos.  2,172-2,190,  Box  No.  64/). 

FamUy  MTTILIDJE. 

Septifer  bilocnlaris,  LinnsBus. 

Mytilus  bilocularUj  LinnsBUs:  Systema  Naturae,  10th  ed.  (1758),  p.  705. 
DiSTBiBUTioN. — Africa,  etc.  (B.M.).      Coll.  Geol.  Surv.  Egypt: 
raised  beach  20  feet  above  sea  at  Gharib  lighthouse  (Nos.  2,068- 
2,098,  Box  No.  18/). 

Septifer  excisus,  Wiegmann. 

Tiehogonia  exeisa,  Wiegmann :  Arcbiv  Naturgeechichte  (Wiegmann),  1837,  p.  49. 
DiSTBiBUTiON. — Beach  deposits  of  the  Bed  Sea  (Issel);  Aden, 
Madagascar,  Mauritius,  Mozambique,  etc.  (E.  A.  Smith).  ColL 
Geol.  Surv.  Egypt :  beach  east  of  Gharib  (Nos.  2,227-2,264,  Box 
No.  17/). 

Yolsella'  auriculata,  Erauss. 

Modiola  aurieulata,  Eranss :  Die  Siidafrikaniscben  MoUusken,  1848,  p.  20,  pi.  ii, 
fig.  4. 

Distribution. — Aden,  South  and  East  Africa,  Gulf  of  Suez 
(E.  A.  Smith) ;  Bed  Sea  (B.M.).  Coll.  Geol.  Surv.  Egypt :  raised 
beach  20  feet  above  sea,  Gharib  lighthouse  (Nos.  2,068-2,098,  Box 
No.  18/). 

1  Glyeymerii,  Da  Costa,  mS=Peettmeulu8,  Lamarck,  1799,  and  Azmaa,  Poll, 
1796. 
>  VoUella,  Scopoli,  1171  =  Ifodiolui,  Lamarck,  1799. 
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lithophaga  Ayitensis,  Mayer-Eymar. 
LtthodommAvUmtU,  Mayer-Eymar,  in  Homes'  '*  Foee.  Moll.  Tert.-Beck.  Wieii."t 
Abhandl.  k.k.  geol.  Beiohs.,  1867,  p.  354,  pi  xIt,  fig.  12. 

This  species  is  represented  by  some  exoellent  oasts  showing^ 
ornamentation  and  form. 

Distribution. — Miocene  of  Oermany  (Mayer-Eymar) ;  Pliooene 
of  Italy  (Pantanelli,  etc.).  Coll.  Oeol.  Sarv.  Egypt :  Bas  Shokhair, 
west  coast  of  the  Gulf  of  Suez,  north-east  of  Camp  50  (No.  2,265, 
Box  No.  S5k) ;  raised  beach  380  feet  above  sea,  near  Camp  7,  Wadt 
Shigeleh  (No.  1,662,  Box  No.  64ik). 

Lithophaga  Lessepsiaiius?  Yaillant. 
Sayigny's  Desc.  de  TEgypte,  1817,  pi.  xi,  fig.  3. 
LitMphoifus  LeMtepttanm,  Yaillant:  Joum.  Conchyliologie,  1865,  p.  115. 

Represented  by  a  cluster  of  young  forms  in  coral  crypts,  resting 
on  matrix,  probably  belonging  to  this  species. 

Distribution. — Gulf  of  Suez  (Yaillant).  Coll.  Gteol.  Surv. 
Egypt :  raised  beach  north  of  Eosseir  (No.  2,111,  Box  No.  46/). 

Lithophaga  Lyellaims,  Mayer-Eymar. 
Lithodonms  LyeUamu,  Mayer-Eymar:   in  Hartong's  ''Geol.  Beecbr.   Madeira, "^ 
1864,  p.  218,  pi.  IV,  fig.  23. 

A  species  of  less  cylindrical  shape  than  L,  Avitensis,  otherwise 
closely  related ;  represented  by  casts  only. 

Distribution. — ^Tertiary :  Madeira  (Mayer-Eymar).  Coll.  GeoL 
Surv.  Egypt :  raised  beach  north  of  Eosseir  (Nos.  2,121-2,188,  Box. 
No.  50y). 

Family  OSTREIDiE. 

Alectryonia  cucnllata?  Bom. 

Ostrea  cucullata.  Bom:  Teetacea  Mus.  Caeaarei  Yindobonensis,  1780,  p.  114,  pi.  vi, 
figs.  11,  12. 

Bepresented  by  some  young  examples  of  a  plicated  oyster,  which 
may  probably  belong  to  this  species. 

Distribution. — Red  Sea,  etc. ;  and  in  the  later  Tertiary  formations 
of  Italy,  Algeria,  Egypt,  etc.  Coll.  Geol.  Surv.  Egypt :  raised 
beach  20  feet  above  sea,  Gharib  lighthouse  (Nos.  2,05&-2,098,  Box 
No.  18/;  Nos.  2,090-2,105,  Box  No.  20/). 

Alectryonia  crennlifera,  G.  B.  Sowerby. 

Ostrm  ermulifera^  G.  B.  Sowerby:  Conchologia  Iconica,  vol.  xviii  (1871),  pi.  xxvii, 
fig.  67. 
An  example  consisting  of  a  single  valve  externally  covered  with 
several  small  Balani. 

Distribution. — Red  Sea  (B.M.  and  G.  B.  Sowerby).  Coll.  Geol. 
Surv.  Egypt :  raised  beach  north  of  Eosseir  (Nos.  2,121-2,138,  Box 
No.  50/). 

Alectryonia  plioatula,  Gmelin. 

Ostrea plicatula,  Gmelin:  Systema  Naturse,  13th  ed.  (1790),  p.  3,336. 
Distribution.  —  Mediterranean,    Atlantic    and    Indian    Ocean ; 
Miocene  to  Saharian  of  Italy,  Egypt,  Qtc.  (Mayer-Eymar).    Coll. 
Geol.   Surv.   Egypt :    raised   beach    north  of  Eosseir ;    an  adult 
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«peoimen  and  some  yoang  forms  (No.  2,109,  Box  No.  32/;   Nos* 
2,121-2,138,  Box  No.  60;). 

Aleotryoniay  allied  to  crista^galli,  Linn»as.  (PL  XXTI,  Figs.  5, 6.) 
Mytilus  crista'ffolli,  LmnffiUB :  Systema  Natone,  lOih  ed.  (1758),  p.  704. 

A  short,  deeply  plicated  form,  ornamented  with  wide  transverse 
lamell».  Cardinal  line  horizontal,  with  a  small  central  triangular 
ligamental  area.  There  is  only  one  specimen  of  this  shell  in  the 
iX)llection,  hoth  valves  being  in  contact,  one  being  rather  fragmentary. 
It  is,  however,  particularly  well  marked,  and  appears  to  be  inter- 
mediate between  A.  crista-gaUi  and  A.  turhinata,  Lamarck  (Hist. 
Nat  Anim.  sans  Yert.,  1819,  voL  vi,  pt.  1,  p.  212),  both  of  which 
■are  Indian  Ocean  species  and  prominently  plicated.  This  example 
Is  probably  an  extinct  form. 

Dimensions. — Height  45  mm.,  width  about  40  mm. 

Ooll.  G^l.  Surv.  Egypt:  raised  beach  north  of  Eosseir  (Nos. 
2,121-2,138,  Box  No.  60/). 

Aleetryonia  Yirleti,  Deshayes. 

Ostrea  Virletif  Deehayes:   Exp6d.  Sci.  Mor^,  vol.  ill  (1883),  pt.  1  (MoUasqaee), 
pp.  122-124,  pi.  X3d,  figs.  1-6. 

This  species  is  accompanied  by  casts  of  Anadara  radiata,  Do$inia 
radiata^  Zavicardium  like  ohlongum,  etc. 

DiSTBiBUTioN. — ^Miocene  of  Morea  (Deshayes) ;  Armenia  (Abioh) ; 
Persia  (Fuchs) ;  Egypt  (Fuchs,  eta) ;  Pliocene  of  Italy  ((iregorio, 
«ta).  Coll.  GeoL  Surv.  Egypt:  plain  east  of  Jebel  Mellaba,  low 
irange  east  of  Bed  Sea  Hills  (No.  2,255,  Box  No.  BSh) ;  beach  No.  2, 
aorth-west  of  Camp  40,  plain  east  of  Jebel  Mellaha,  east  of  Bed  Sea 
Hills  (No.  2,193,  Box  No.  30h) ;  foothills  of  Jebel  Dara,  Wadi  Dara 
(No.  2,261,  Box  No.  Sh).  The  specimen  from  the  last-mentioned 
locality  consists  of  a  fragmentary  valve,  and  is  therefore  of  doubtful 
•determination. 

Family  PEOTINID-ffi. 

Pecten  lividus,  Lamarck. 

Feetm  lividm,  Lamarck :  Hist.  Nat.  Anim.  sans  Vert,  yd.  vi  (1819),  pt.l,  p.  178. 

A  fragment  of  this  species  partly  encrusted  with  a  small  form  of 
BalanuB, 

Distribution. — Bed  Sea,  Mauritius,  Aden  (E.  A.  Smith);  Bed 
Sea  (Issel).  Coll.  GeoL  Surv.  Egypt:  raised  beach  north  of  Eosseir 
(Nos.  2,121-2,138,  Box  No.  60y). 

Pecten  Vasseli,  Fuchs.    (PL  XXII,  Pigs.  7-9.) 
Fecten  Voiseli,  Fuchs:  Denksch.  Math.  nat.  Gl.  k.  Ak.  Wise.,  voL  xxxviii  (1877), 

p.  40,  pi.  u,  fig.  3. 
Stn.  Fbetm  raduia,  rar.  tubfosiilis,  Fiaas :  Ans  dem  Orient,  1867,  p.  189. 

This  species  is  distinct  from  all  others,  and  is  not  known  in 
^xistiuK  seas.  It  is  a  rounded,  shallow  shell,  characterized  by 
possessing  dichotomizing  ribs,  which,  together  with  the  intermediate 
grooves,  are  finely  sculptured  with  almost  microscopic,  closely-set, 
transverse  striations.  In  worn  examples  the  strice  are  scarcely 
•evident  on  the  ribs  themselves.  Dimensions  of  an  adult  lower 
valve :  height  57,  width  63,  depth  15  mm. 
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Distribution.  —  Pleistocene  deposits  from  near  Kosseir  (Fraas) 
and  the  Bitter  Lakes  (Fucbs).  Coll.  QeoL  Surr.  Egypt:  raised 
beach  north  of  Kosseir  (Nos.  2,121-2,138,  Box  No.  50j) ;  raised 
beach,  Northern  Wadi  Gueh,  Camp  6,  240  feet  above  sea  (No.  1,636,. 
Box  No.  22A;) ;  upper  coral  terrace  (Pecton-bed)  between  Nebk  and 
Sherm,  Soath-East  Sinai  (No.  3,540,  Box  No.  40^. 

Chlamys  Beissi,  Bronn.    (PI.  XXII,  Fig.  10.) 

Einmtes  Meiisi,  Bronn :  Beiss*  <*  Santa  Maria,"  in  Nenes  Jahrb.,  1862,  p.  44,  pi.  i^ 

fig.  18. 
Feetm  Beissi,  Mayer-ETmar:  in  Hartong's  <<GeoI.  Beach.  Madeira,"  etc.,  1864» 

p.  227,  pi.  y,  fig.  32. 

Testa  svbaquivalvi  rotundato-ohlanga,  eompressa,  coslU  radiantihus 
circiter  30,  iruequalibuSf  irregvlaribusgue,  rotundatis ;  sqtMmulosis, 
sape  bints;  aurieulis  inaqualihus  radiaUs,  aniica  mafori,  obUqua. 
(Mayer-Eymar.) 

The  numerous  elevated,  rounded  costie,  covered  with  close  squama* 
lose  ornamentation,  appear  to  be  the  distinguishing  features  of  this 
shell.  The  structural  diaracters  are  well  displayed  in  the  specimen 
figured,  although  the  marginal  line  has  been  fractured  in  places,  and 
a  central  breakage  rather  spoils  its  otherwise  elegant  appearance. 

Dimensions.— Height  46,  width  42  mm. 

Distribution.  —  Modem  limestone  of  the  Azores  and  Madeira 

§  Bronn,  Mayer-Eymar,  eta)  and  near  Kosseir  (Fraas).  ColL  GeoL 
urv.  Egypt :  raised  beach  north  of  Kosseir  (Nos.  2,121-2,138,. 
Box  No.  50j) ;  raised  beach  east  of  Jebel  Esh  (No&  2,172-2,190,. 
Box  No.  64 

Chlamys  varia,  LinnsBus. 

08tr§a  varia,  LinnsiiB:  Systema  Naturae,  10th  ed.  (1758),  p.  698. 
Distribution. — Becent  in  the  Mediterranean,  etc. ;  Tertiary  of 

Italy  and  other  parts  of  Europe.     Coll.  Geol.  Surv.  Egypt :  raised 
beach  north  of  Kosseir  (No.  2,111,  Box  No.  46y). 

Oilamys  (Oigantopecten)  latissima,  Brocchi. 

O8tt'0a  latissima,  Broccbi :  Conch.  Foes.  Snbapennina,  vol.  ii  (1814),  p.  581. 
The  specimens  are  small  and  apparently  very  young  forms. 
DiSTBiBUTiON.  —  Species  extinct,  and  ranging  from  Miocene 
(Helvetian)  to  Pleistocene  times  (Mayer-Eymar,  eta).  ColL  QeoL 
Surv.  Egypt :  raised  beach  east  of  Jebel  Esh  (Nos.  2,172-2,190, 
Box  No.  64;') ;  Pecten-bed,  upper  coral  terrace  between  Nebk  and 
Sherm,  south-east  of  Sinai  (No.  3,540,  Box  No.  400- 

Chlamys  (.Squipecten)  operoularis,  Linnteus. 

Ostrsa  opercularis,  LumaBOB :  Systema  NatorsB,  10th  ed.  (1758),  p.  698. 

A  fragmentaiy  specimen,  exhibiting  the  usual  structure  of  this- 
species,  associated  with  Pecten  VasseU  of  Fuchs. 

DiSTBiBUTiON. — ^Recent  in  the  Mediterranean  and  other  Europeaa 
seas,  and  ranging  from  Miocene  (Helvetian)  to  Pleistocene  timea 
(Mayer-Eymar,  etc.).  ColL  G^l.  Surv.  Egypt:  raised  beach. 
Northern  Wadi  Queh,  Camp  6,  240  feet  above  sea  (No.  1,636^ 
Box  No.  22k). 
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Family  SPONDYLD)^. 
SpondyloB  aouleatofl,  Ohemnitz. 

Spondylua  actUeatm,  Chemnitz :  Conchylien-Cabinet,  yoI.  vii  (1784)|  p.  74,  pi.  zliv, 
fig.  460. 
Distribution. — ^Beaoh  deposits,  Bed  Sea  (Issel) ;  Suez  Bay,  Onlf 
of  Akaba  (Issel).  Coll.  Oeol.  Surr.  Egypt :  50  foot  beaoh  at 
Oemsah  (Nos.  2,034-2,036,  Box  No.  61/) ;  Beoent  beach  west  of 
Jebel  Zeit  (No.  2,167,  Box  No.  72/). 

Spondylns,  sp.  indet    (A  fragmentary  valve.) 
D1STBIBUT10N.---C0I].  Gtool.  Sarv.  Egypt :  50  foot  beach  at  G^msah 
(No.  2,038,  Box  No.  62/). 

Plicatola  ramosa,  Lamarck. 

Flieatula  ramoia,  Lamarck:  Hist.  Nat.  Anim.  sans  Vert.,  voL  tI  (1819),  pt.  1, 
p.  184. 

Distribution.  —  Beach  deposits  of  the  Bed  Sea  (Issel) ;  Enmk 
Eatah  el  Eebir  and  desert  of  Attaka,  eta  (Issel).  Ooll.  QeoL  Surv. 
Egypt:  raised  beaoh  20  feet  above  sea  at  Oharib  lighthouse  (Nos. 
2,068-2,098,  Box  No.  18/;  Nos.  2,090-2,105,  Box  No.  20/) ;  Beoent 
beaoh  south  of  Oharib  l^hthouse  (Nos.  2,198-2,216,  Box  No.  53/) ; 
beach  against  old  island  west  of  Oamp  51,  south  of  Gharib  light- 
house (Nos.  2,021-2,030,  Box  No.  57^> 

Kantellnm  (allied  to)  inflatiun,  Ohemnitz.     (Impression  of  valve 

in  matrix.) 
Lima  inJUUa^  Chemnitz  :  Conohylien- Cabinet,  vol.  vii  (1784),  pi.  IxTiii,  fig.  649. 
Distribution. — ColL  Gleol.  Surv.  Egypt:  raised  beach  north  of 
Kosseir  (No.  2,161,  Box  No.  33/). 

Family  CABDITID^. 
Cardita  calyculata,  Linn»us. 

Chama  ealyeulata,  Limueus :  Systema  Natnie,  10th  ed.  (1758),  p.  692. 
Distribution. — Beach  deposits  western  border  of  Bed  Sea  (Ghray 
and  Frembley).     Coll.  (}eol.  Surv.  Egypt:   raised  beach  20  feet 
above  sea  at  Oharib  lighthouse  (Nos.  2,068-2,098,  Box  No.  18/). 

Cardita  (Begnina)  gabemaciduin«  Beeve. 

Cardita  gubemaeulum,  Beeve :  Conchologia  Iconica,  vol.  i  (1848),  pi.  ii,  fig.  9. 

Distribution.  —  Beach  deposits  of  Bed  Sea  (Issel,  Oray  & 
Frembley) ;  Bed  Sea  (Issel) ;  Aden,  Zanzibar,  and  Madagascar 
(E.  A.  Smith).  Ooll.  Oeol.  Surv.  Egypt:  raised  beach  20  feet 
above  sea  at  Oharib  lighthouse  (Nos.  2,068-2,098,  Box  No.  18/; 
Nos.  2,090-2,106,  Box  No.  20;) ;  50  foot  beach  at  Oemsah  (Nos. 
2,031-2,067,  Box  No.  68/) ;  young  form  from  raised  beach  east  of 
Jebel  Esh  (Nos.  2,172-2,190,  Box  No.  64/). 

Yenericardia  Cumingi,  Deshayes. 

Cardita  Cuminffi,  Deshayes:    Proo.  ZooL  Soc.  London,  1852,  p.  102,  pi.  zriiy 
fig.  16. 
Distribution. — ^Aden  (B.M.) ;   Aden  and  Borneo  (E.  A.  Smith). 
Ooll.  OeoL  Surv.  Egypt :   60  foot  beaoh  at  (Jemsah  (Nos.  2,031- 
2,067,  Box  No.  58/). 
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Family  AECTICIDiE  (=CYPBINIDiE). 

Idbitma  oblonga,  Linnnas. 

Vhama  ohUmga,  LumsBtis :  Systema  Natar»,  10th  ed.  (1758),  p.  692  (^Otdnaiem^ 
Lamarck). 

DiBTBiBTTTiON. — Beach  deposits  of  tlie  Bed  Sea  (Issel) ;  Andaman 
Islands  and  Polynesia  (B.M.).  Coll.  G^ol.  Sanr.  Egypt:  raised 
beach  20  feet  above  sea  at  Oharib  lighthouse  (Nos.  2,090-2,105, 
Box  No.  20y);  raised  beach  80  feet  above  sea,  Oamp  6,  north  of 
Wadi  Gueh,  west  of  Kosseir  (Nos.  1,646,  1,647,  Box  No.  76/). 

Family  LUCINID^. 

Loripes  globosa,  Forskal. 

V6muglobo»at  FoTskal:  Deec.  Animalium,  1775,  No.  53,  p.  122. 

Distribution. — Beach  deposits  western  border  of  Bed  Sea  (Gray 

and  Frembley) ;  Oolfs  of  Akaba  and  Suez  (Issel) ;  Bed  Sea  (B.M.). 

ColL  Oeol.  Surv.  Egypt :   beach  east  of  Oharib  (Nos.  2,227-2,254, 

Box  No-  17y). 

Codakia  exai^erata,  Beeve.    (PL  XXI,  Fig.  4.) 

Lueina  extupgrataf  Reere :  Conchologia  leonica,  toI.  W  (1850),  pi.  i,  fig.  4. 
Distribution. — Honduras  (Beeve — this  locality  is  doubted  by 
Mr.  E.  A.  Smith) ;  North  Australia,  Aden,  Bed  Sea,  eta  (£.  A. 
Smith).  Ooll.  Geol.  Surv.  Egypt :  beach  east  of  Gharib  (Nos. 
2,227-2,254,  Box  No.  17y) ;  raised  beach  80  feet  above  sea.  Gamp  6, 
Wadi  Gueh  (No.  1,645,  Box  No.  57* ;  No.  1,584,  Box  No.  23* ;  No. 
1,557,  Box  No.  25Jb);  raised  beach,  Oamp  6,  Wadi  Gueh  (No.  1,574, 
eta.  Box  No.  62Jb) ;  raised  beach  north  of  Kosseir  (No.  2,130,  Box 
No.  45y ;  Na  2,111,  Box  Na  46/;  Nos.  2,121-2138,  Box  Na  50;  )  ; 
raised  beach  300  feet  above  sea,  Oamp  5,  Wadi  Hamrawen  (No. 
1,553,  Box  No.  18Jk). 

Oodakia  fibula,  Beeve. 

Zueinajlbulaf  Reeve:  Conchologia  Iconica,  vol.  Ti  (1850),  pi.  vii,  fig.  33. 

Distribution.  — Bed    Sea    (B.M.).     Ooll.  GeoL   Surv.  Egypt: 

raised  beach  20  feet  above  sea,  Gharib  lighthouse  (Nos.  2,058-2,098, 

Box  No.  18y) ;   raised  beach  80  feet  above  sea,  Oamp  6,  Wadi  Gueh 

(No.  1,557,  Box  Na  254). 

Family  TELLINID^. 

Tellina  remiesy  LinnsBus. 

TfUuM  remie$y  linnaBOfl :  Systema  Nature,  10th  ed.  (1758),  p.  676. 
Distribution. — Australia   (B.M.).     OolL    Geol.    Surv.   Egypt: 
raised  beach  80  feet  above  sea,  Oamp  6,  north  of  Wadi  Gueh,  west 
of  Kosseir  (No.  1,645,  Box  No.  75/). 

Tellina  rugosa.  Bom. 

^Uina  rmgotOy  Bom:  Testaoea  Mns.  CsBflarei  Yindobonenflis,  1780,  pi.  ii,  figB.  3,  4. 
Distribution. — Beach  deposits  on  the  western  shore  of  Bed  Sea 
(Gray  <fe  Frembley) ;  New  Oaledonia,  eta  (B.M.).  Ooll.  Geol.  Surv. 
ligypt :  raised  beach  80  feet  above  sea,  Oamp  6,  north  of  Wadi 
Gueh,  west  of  Kosseir  (Nos.  1,646,  1,647,  Box  No.  76» ;   raised 
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%eaoh,  Camp  6,  Wadi  Gueh  (No.  1,600,  Box  No.  57k ;  No8.  1,574, 
etc.,  Box  No.  62]b). 

Tellina  (Tellinella)  sulcata,  Wood. 

Teaina  suleata,  W.  Wood:  General  Concbology,  1816,  p.  178,  pi.  xlvii,  fig.  1. 

DiBTBiBUTiON. — Red  Sea,  Aden,  Philippines  (E.  A.  Smith).  ColL 
•Geol.  Sorv.  Egypt :  raised  beach,  Camp  6,  Wadi  Gueh  (Nos.  1,574, 
eto..  Box  No.  62Jk). 

Entellina  (Peronea=Psammotella)  rosea,  Gmelin. 

Tellina  rosea,  Qmelin :  Systema  Nataro,  13th  ed.  (1790),  p.  3,238. 
Distribution.  —  Bed  Sea  (B.M.).  Coll.  Geol.  Surv.  Egypt  : 
Recent  beach  south  of  Gharib  lighthouse  (Nos.  2,198-2,216,  Box 
No.  53/') ;  50  foot  beach  at  Gemsah  (Nos.  2,031-2,057,  Box  No. 
5Sj) ;  an  abnormal  form  from  beach  east  of  Gharib  (Nos.  2,227- 
2,254,  Box  No.  17/). 

Arcopagia  scobinata,  Linnadus.    (PI.  XXI,  Fig.  1.) 

Tellina  tcobinata,  linnsiis :  Systema  Naturo,  10th  ed.  (1758),  p.  678. 
Distribution. — Isle  of  Reunion ;   Gulf  of  Akaba  (Issel).    Coll. 
<j^eol.  Surv.  Egypt :  raised  beach  80  feet  above  sea,  Camp  6,  Wadi 
<Jueh  (No.  1,584,  Box  No.  23ik). 

Family  DONACID-ZE. 
Donax  trifitsciatus,  Reeve. 

Donax  tr\fa9ciatus,  Reeye:  Conchologia  Iconioa,  toI.  yiii  (1854),  pi.  ii,  fig.  7. 

Distribution. — Philippines  (B.M.).  Coll.  Geol.  Surv.  Egypt: 
beach  against  old  island  west  of  Camp  51,  south  of  Gharib  light* 
house  (Nos.  2,021-2,030,  Box  No.  57/). 

Family  MACTRIDJE. 
Haotra  olorina,  Philippi. 

Maetra  olorina,  Philippi :   Abbild.  nnd  Besch.  Conchylien,  vol.  ii  (1847),  p.  72, 
pi.  ii,  fig.  2. 

Distribution. — Gulf  of  Saez  and  in  the  Red  Sea  beach  deposits 
(Issel).  Coll.  Geol.  Sarv.  Egypt:  Recent  beach  south  of  Gharib 
lighthouse  (Nos.  2,198-2,216,  Box  No.  53/). 

Family  VENERID-ffi. 

Tenus  reticulata,  Linnadus.  (PI.  XXI,  Fig.  2.) 
Venus  reticulata,  Liimseas :  Systema  Natorte,  10th  ed.  (1758),  p.  687. 
Distribution.  —  Red  Sea  beach  deposits  (Gray  &  Frembley); 
'Gulf  of  Akaba,  Madagascar,  Philippines,  Society  Islands,  and  the 
Red  Sea  beach  deposits  (Issel);  Red  Sea,  Aden,  Persian  Gulf, 
Indian  Ocean,  etc.  (E.  A.  Smith).  Coll.  GeoL  Surv.  Egypt :  raised 
beach  80  feet  above  sea.  Camp  6,  north  of  Wadi  Gueh  (No.  1,648, 
Box  Nos.  Sj  and  77^;  No.  1,563,  Box  No.  26ik);  Recent  beach 
between  Jebel  Mellaha  and  Jebel  Zeit  (No.  2,168,  Box  No.  6/) ; 
raised  beach  20  feet  above  sea  at  Gharib  lighthouse  (Nos.  2,090- 
2,105,  Box  No.  20y) ;  raised  beach  No.  2,  west  of  Eosseir,  520  feet 
above  sea  (No.  1,579,  Box  No.  ISh) ;  raised  beach  300  feet  above 
«ea,  Camp  5,  Wadi  Hamrawen  (No.  1,553,  Box  No.  18ib);  raised 
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beaoh,  hill  north-west  of  Camp  7,  Wadi  Aba  Shigeleh,  560  feet 
above  sea  (No.  1,627,  Box  No.  194). 

Chione  costellifera,  Adams  &  Beeve. 
Vmui  PotUVifera,  Adams  &  Reeye :  ZooL  Yoy.  <*Samarang,"  1848,  p.  79,  pi.  xxi^ 
fig.  18. 
Distribution — Philippines  (B.M.).     Coll.  Gkol.  Surv.  Egypt  i- 
raised  beach  20  feet  above  sea  at  Qharib  lighthouse  (Nos.  2,058- 
2,098,  Box  No.  18y). 

Callista  florida,  Lamarok. 
Venus  Jhrida,  Lamarck :  Hist.  Nat.  Anim.  sans  Yert.,  toL  t  (1818),  p.  602. 
DiSTsmuTioN.  —  Suez,  Madagascar,  Mozambique,  Paoifio  Ooeaiv 
New  Holland,  and  Bed  Sea  beaoh  deposits  (Issel) ;  Bed  Sea,  Aden, 
Persian  Qulf,  Mozambique,  Madagascar,  Seychelles  (E.  A.  Smith). 
Coll.  G^l.  Surv.  Egypt :  Beoent  beach  south  of  Oharib  lighthouse^ 
(Nob.  2,198-2,216,  Box  No.  53;). 

Callista  (like)  costata,  Chemnitz. 
Venus  eostata,  Chemnitz :  Conchylien- Cabinet,  yd.  xi  (1795),  p.  226,  pi.  ccii^ 
fig.  1,976. 
DiSTBiBUTioN.  —  Philippines  (B.M.).  Coll.  Gteol.  Surv.  Egypt  t 
raised  beach  north  of  Eosseir  (No.  2,111,  Box  No.  46y);  beach 
No.  2,  north-west  of  Camp  40,  plain  east  of  Jebel  MellaJia,  east  of 
Bed  Sea  HUls  (No.  2,258,  Box  No.  29A). 

Circe  sequivoca,  Chemnitz. 
Venue  aquivoca,  Chemnitz :    Conchylien-Cabinet,  vol.  xi  (1795),  p.  229,  pL  edi,. 
fig.  1,980. 

Distribution. — Philippines  (B.M.).  Coll.  G^ol.  Surv.  Egypt  ^ 
raised  beach  80  feet  above  sea,  Camp  6,  Wadi  Gueh  (No.  1,557,. 
Box  No.  25ik). 

Circe  corrugata,  Chemnitz. 

Venue  eofrugata  plana,  Chemnitz:    Conchylien-Cabinet,  vol.  yU  (1784),  p.  25^ 
pi.  TXTJT,  figs.  410,  411. 

DisTBiBUTiON.— Suez  (Issel) ;  Bed  Sea,  Persian  Gulf,  Aden, 
Madagascar,  New  Holland  (E.  A.  Smith).  ColL  Oeol.  Surv.  Egypt  ^ 
raised  beach  80  feet  above  sea,  Camp  6,  Wadi  Gueh  (No.  1,557, 
Box  No.  25*). 

Circe  callipygia.  Bom. 

Venue  eallipygia,  Bom:  Testacea  Mns.  Cswarei  Yindobonensis,  1780,  p.  68,  pi.  r,. 
fig.  1. 

DiSTBiBUTioM.^Gulf  of  Aksba,  Bed  Sea,  and  beaoh  deposits  of 
Bed  Sea  (Issel) ;  Bed  Sea  and  Aden  (E.  A.  Smith).  ColL  GeoL 
Surv.  Egypt :  raised  beach  east  of  Jebel  Esh  (Nos.  2,172-2,190^ 
Box  No.  64;). 

Circe  (liooonoha)  lentiginosa,  Chemnitz. 

Venue  Imtiginoea,  Chemnitz :  Conchylien-Cabinet,  toI.  xi  (1795),  p.  223,  pi.  cci» 
figs.  1,963,  1,964. 

DiSTBiBiTTioN. — Bed  Sea  and  beach  deposits  of  Bed  Sea  (Issel)  ; 
Bed  Sea  and  Madagascar  (B.M.).  Coll.  Geol.  Surv.  Egypt:  Beoent 
beach  south  of  Gharib  lighthouse  (Nos.  2,198-2,216,  Box  No.  53/)  ; 
beach  against  old  island  west  of  Camp  51,  south  of  Gharib  lighthouse^ 
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(No8.  2,021-2,030,  Box  No.  57/) ;  raised  beaoh  80  feet  above  sea. 
Camp  6,  Wadi  Gueh  (No.  1,610,  Box  No.  27k). 

Circe  (Critta)  pectmata,  Linnnus.    (PI.  XXI,  Fig.  3.) 

VgnuB  peetinata,  LimueiiB:  Sjstema  NatorsB,  lOih  ed.  (1758),  p.  689  {=Ojfth0rea 
Savignyi^  Jonaa). 

Distribution.— Suez  and  Bed  Sea  beaoh  deposits  (Issel) ;  Bed 
Sea,  Indian  Ooean,  Aden,  Moluocas,  eta  (E.  A.  Smith).  CoU.  QeoL 
Snry.  Egypt :  plain  between  Bas  Oemsah  and  Jebel  Zeit  (No.  2,224, 
Box  No.  12/) ;  beaoh  east  of  Gharib  (Nos.  2,227-2,254,  Box  No. 
17/) ;  Becent  beach  between  Jebel  Mellaha  and  Jebel  Zeit  (Nos. 
2,162-2,167,  Box  No.  21/) ;  Beoent  beaoh  south  of  Gharib  light- 
house  (Nos.  2,198-2,216,  Box  No.  53/) ;  beaoh  against  old  island 
west  of  Camp  51,  south  of  Gharib  lighthouse  (Nos.  2,021-2,030, 
Box  No.  57/) ;  raised  beaoh  east  of  Jebel  Esh  (Nos.  2,172-2,190, 
Box  No.  64/). 

Tapes  virginens,  Linnsdus. 

Venm  virginea,  Limueus  :  Systema  NatursB,  12th  ed.  (1767),  vol.  i,  pt.  2,  p.  1,136. 
Distribution. — ^Aden,  New  Holland,  China  Sea  (E.  A.  Smith). 
Coll.  GeoL  Sury.  Egypt :  Beoent  beaoh  south  of  Gharib  lighthouse 
(Nos.  2,198-2,216,  Box  No.  53/). 

Sunetta  effossns,  Hanley. 

Cytherea  effoua,  Hanley :  Proo.  Zool.  Soc.  London,  1842,  p.  123. 
Distribution.  —  Philippines  (B.M.).    Coll.  Geol.  Surv.  Egypt: 
raised  beaoh  20  feet  above  sea  at  Gharib  lighUiouse  (Nos.  2,058- 
2,098,  Box  No.  18/). 

Dosinia  laminata,  Beeve. 

ArUmit  laminata^  Beeye :  Oonchologia  loonica,  vol.  yi  (1850),  pi.  rii,  fig.  41. 

Distribution.  —  Philippines  (B.M.).  ColL  Geol.  Surv.  Egypt  ^ 
50  foot  beaoh  at  Gemsah  (Nos.  2,031-2,057,  Box  No.  58/) ;  raised 
beaoh  east  of  Jebel  Esh  (Nos.  2,172-2,194,  Box  No.  64/). 

Dosinia  radiata,  Beeye.    (PL  XXI,  Fig.  5.) 

Artemit  radiata,  'Reeve :  Oonchologia  Iconica,  vol.  yi  (1850),  pi.  yil,  fig.  37. 

Distribution. — Bay  of  Suez  (Issel).  Coll.  GreoL  Surv.  Egypt: 
plain  between  Bas  Gemsah  and  Jebel  Zeit  (No.  2,222,  Box  No.  8/); 
Beoent  beach  south  of  Gharib  lighthouse  (Nos.  2,19&-2,216,  Box  No. 
53/);  raised  beach  east  of  Jebel  Esh  (Nos.  2,172-2,190,  Box  No. 
64/) ;  raised  beaoh  300  feet  above  sea.  Camp  5,  Wadi  Hamrawen 
(No.  1,553,  Box  No.  18ik) ;  beaoh  No.  2,  north-west  of  Camp  40, 
plain  east  of  Jebel  Mellaha,  east  of  Bed  Sea  Hills  (No.  2,257,  Box 
No.  29*). 

Family  CABDIID-ffi. 
Cardinm  lenoostoma,  Bom. 

Cardium  leueottoma.  Born:  Testacea  Mns.  Oawarei  Yindobonensis,  1780,  pi.  iii,. 
figs.  6,  7. 
Distribution. — Indian  Ooean  (B.M.).  Coll.  Qeol.  Surv.  Egypt : 
Beoent  beach  south  of  Gharib  lighthouse  (No.  2,198-2,216,  Box 
No.  53/) ;  a  cast  allied  to  this  species  from  beaoh  No.  2,  north-west 
of  Camp  40,  plain  east  of  Jebel  Mellaha,  east  of  Bed  Sea  Hills 
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<No.  2,267,  Box  No.  27h);  cast  of  probably  thia  species  from  raised 
beach,  hill  north-west  of  Camp  7,  Wadi  Abu  Shigeleb,  560  feet 
above  sea  (No.  1,627,  Box  No.  IdJe). 

Cardinm  rabicandnm,  Beeve. 

Cardium  rubieundum,  Reeve :   Conchologia  Iconica,  vol.  u  (1844),  pi.  ix,  fig.  44 
(  =  (7.  magnum^  Ohemnitz,  vide  1mA). 

Distribution.  —  Gulf  of  Suez  (Issel);  Aden,  Zanzibar  (E.  A. 
Smith).  ColL  Geol.  Surv.  Egypt :  raised  beach  east  of  Jebel  Esh 
<Nos.  2,172-2,190,  Box  No.  64;). 

LsBvioardiam  (like)  oblongnm,  Qmelin. 

Cardium  oblonguniy  Gmelin :  Systema  Nature,  toI.  i  (1790),  pt  6,  p.  3,254. 
DiBTBiBUTioN.  —  Mediterranean    (Qmelin).      ColL    Geol,    Surv. 
tEgypt :  beach  No.  2,  north-west  of  Camp  40,  plain  east  of  Jebel 
Mellaha,  east  of  Bed  Sea  Hills  (No.  2,258,  Box  No.  29%). 

Hemicardiom  (Opisooardinm)  anricnlnm,  Forskal. 

Cardium  auriculum,  Forskal :  Besc.  Animalium,  1775,  No.  52,  p.  122. 
Distribution. — Gulf  of  Akaba,  Bay  of  Suez,  and  beach  deposits 
of  the  Bed  Sea  (Issel).      Coll.  GeoL  Surv.  Egypt :    raised  beaoh 
20  feet  above  sea  at  Gharib  lighthouse  (Nos.  2,090-2,105,  Box  No. 
20y) ;  Becent  beach  west  of  Jebel  Zeit  (No.  2,157,  Box  No.  72/). 

Family  TBIDACNID-ffl. 
Tridaona  gigas,  Linnsdus.    (Young  forms.)    (PI.  XXI,  Fig.  8.) 

TridoDna  gigat,  LinnaBUs:  Systema  NatunB,  10th  ed.  (1758),  p.  691. 
Distribution. — Beach  deposits  near  Kosseir  (Fraas,  B.M.).    Coll. 
^GeoL  Surv.  Egypt :  Becent  beach  between  Jebel  Mellaha  and  Jebel 
Zeit  (No.  2,161,  Box  No.  Ij) ;  Becent  beach  south  of  Gharib  light- 
house (Nos.  2,198-2,216,  Box  No.  53/). 

Family  OHAMID-^. 

Chama  comneopisB,  Beeve. 

Cha$Ha  cornucopia f  Reeve:    Conchologia  Iconica,  toI.  iy  (1846),  pi.  ivi  fig.  22 
(  =  C7.  Corbicrei,  Jonas,  vide  Issel). 

DisTBiBUTioN. — Beach  deposits  of  the  Bed  Sea  (Issel) ;  Gulf  of 
Akaba  and  Suez  (Issel) ;  Bed  Sea  (B.M.).  Coll.  Geol.  Surv.  Egypt : 
raised  beach  20  feet  above  sea  at  Gharib  lighthouse  (Nos.  2,090- 
2,105,  Box  No.  20y) ;  Becent  beach  south  of  Gharib  lighthouse  (Nos. 
2,198-2,216,  Box  No.  53/). 

Chama  Jnkesi,  Beeve. 

Chama  JukeH,  Reeve :  Conchologia  Iconica,  vol.  iy  (1847),  pi.  vii,  fig.  39. 
Distribution. — Isle  of  Luzon,  Philippines  (B.M.).     Coll.  Geol. 
Surv.  Egypt :  raised  beach  20  feet  above  sea  at  Gharib  lighthouse 
(Nos.  2,058-2,098,  Box  No.  18/). 

Chama  niyalis,  Beeve. 

Chama  nivalis^  Reeve :  Conchologia  Iconica,  toI.  iy  (1846),  pi.  iv,  fig.  17. 

Distbibution.  —  Australia  (B.M.).      OoU.   Geol.    Surv.    Egypt: 

beach  east  of  Gharib  (Nos.  2,227-2,254,  Box  No.  17;') ;   Becent 

beach  south  of  Gharib  lighthouse  (Nos.  2,198-2,216,  Box  No.  53/)  ; 

50  foot  beach  at  Gemsah  (No.  2,038,  Box  No.  62/) ;  raised  beaoh 
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east  of  Jebel  Esh  (Nos.  2,172-2,190,  Box  No.  64;*;  No.  2,179, 
Box  No.  66y) :  raised  beach  80  feet  above  sea,  Camp  6,  north  of 
Wadi  Gueh,  west  of  Kosseir  (Nos.  1,666-1,667,  Box  No.  8iy); 
raised  beaoh  No.  2,  west  of  Kosseir,  620  feet  above  sea  (No.  l,681^ 
Box  No.  leJc). 

Family  GARIDJE  (=PSAMMOBin)^). 
Asaphis  deflorata,  Linn»ns. 

Venut  dejlorala,  Linnaeus:  Systema  Natorse,  1 0th  ed.  (1758),  p.  687. 
DiSTBiBUTioN.  —  Bed    Sea,    Indian    and    Pacific    Oceans,  Aden 
(E.  A.  Smith).     Ooll.  Oeol.  Surv.  Egypt:    raised  beach  20  feet 
above  sea  at  Qharib  lighthouse  (Nos.  2,090-2,105,  Box  No.  20;'). 

Family  MYIDJE. 
Lntraria  intermedia  (Deshayes  MS.),  Beeve. 

Mesodetna  intermediay  Beeye :  Conchologia  Iconica,  vol.  viii  (1854),  pi.  iii,  fig.  17. 
Distribution.  —  Zanzibar    (B.M.).      Coll.  Geol.   Surv.  Egypt: 
Becent  beach  south  of  Gharib  lighthouse  (Nos.  2,198-2,216,  Box  No. 
63/) ;  50  foot  beaoh  at  Gemsah  (No.  2,031,  Box  No.  69/). 

Corbnla  cnneata,  Hinds. 

Corbula  euneata.  Hinds :  Proc.  Zool.  Soc.  London,  1843,  p.  55. 
DiSTBiBUTioN. — Philippines  (B.M.).      Coll.  G^l.  Surv.  Egypt: 
raised  beach  20  feet  above  sea  at  Gharib  lighthouse  (Nos.  2,090- 
2,106,  Box  No.  20y). 

Corbnla  Taheitensis,  Lamarck. 

Cwrhula  Taheitemis,  Lamarck:  Hist.  Nat.  Anim.  sans  Vert.,  vol.  v  (1818),  p.  496. 
DiSTBiBUTioN. — ^Tahiti,  New  Guinea,  Philippines,  Aden  (E.  A. 
Smith).  Coll.  Geol.  Surv.  Egypt :  raised  beach  20  feet  above  sea 
at  Gharib  lighthouse  (Nos.  2,090-2,105,  Box  No.  20;);  Bas 
Shokhair,  west  coast  of  the  Gulf  of  Suez,  north-east  of  Camp  60^ 
(No.  2,267,  Box  No.  37A). 

Family  PHOLADIDJE. 
Hartesia,  sp. 
Distribution. — Coll.  Geol.  Surv.  Egypt :  Bas  Shokhair,  west  coast 
of  the  Gulf  of  Suez,  north-east  of  Camp  60  (No.  2,269,  Box  No.  39^). 


LITERATURE. 

Several  PApen  have  been  written  on  the  concholoeical  fauna  of  the  beach  deposita 
of  the  Red  Sea  and  other  parts  of  Egypt,  bnt  as  we  snbject  is  so  interwoven  with 
the  history  of  the  actual  living  forms  of  l^e  Red  Sea,  the  following  list  of  titles  is 
compiled  so  as  to  include  the  more  important  contributions  dealing  with  both  aspects 
of  the  subject. 

Beyrioh,  E. — **  Ueber  geognostische  Beobachtungen  6.  Schweinfurth*s  in  der 
Wiiste  zwischen  Cairo  und  Sues "  :  Sitz.  Akad.  Wiss.  Berlin,  1882, 
pp.  163-178. 

Broeehi,  0.  B. — **  Catalogo  di  una  serie  di  conchiglie  raccolte  presso  la  costa 
Africana  del  Golfo  Arabico  dal  signer  G.  Foroi "  :  Mem.  inserita  nella 
Biblioteca  Italiano  [about]  1820.  {A  rare  work  not  seen  by  present  writer ; 
it  is  reviewed  and  abstracted  in  Issers  **  Malacologia  del  Mar  Kosso.") 

Caraniigna,  0. — "Catalogo  delle  Conchiglie  Assabesi*'  (  =  Southern  Red  Sea)  : 
Bull.  Soc.  Mai.  Itahana,  vol.  xiii  (1888),  pp.  131-141,  pi.  viii. 
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Caramagna,  G.~<<  Conehiglie  raocolte  in  Aden  Berbera  e  ZeOa  " :  Bnll.  Soe.  Mai. 

Italiana,  vol  xiii  (1888),  pp.  142-148. 
Cooke,  A.  H.— *'  On  the  Mollnscan  Fauna  of  the  Gnlf  of  Snez  in  its  relation  to  that 

of  other  seas  "  :  Ann.  Mag.  Nat.  Hist.,  ser.  v,  vol.  xViii  (1886),  pp.  880-397. 
FiMher,  P. — '*  Note  sur  lee  Faunes  Conchyliologiqnes  des  denx  riyages  de  Tlstfame 

de  Snez  ":  Joom.  Conchyliolpgie,  1865,  pp.  241-248. 

**  Snr  la  Fanne  Conchyliologiqne  marine  dee  Baies  de  Suez  et  de  I'Akabah  "  : 

Journ.  Conchyliologie,  1870,  pp.  161-179.     (This  paper  includes  a  list  of  the 
species  found  in  the  Quaternary  deposits  suiroundinfuie  Bitter  Lakes.) 

**Sur  la  Faune  Conchyliologique  marine  de  la  Baie  de  Suez*':   Joum. 

Conchyliologie,  1871,  pp.  209-218. 

Fraaa,  Oioar.— "  Aus  dem  Orient.  6eol<mBche  Beobachtunsen  am  Nil,  anf  der 
Smai-Halbinsel,  und  in  Syrien,*'  1867,  pp.  174-196.  (Gives  a  list  of  spedee 
found  in  the  raised  beaches  near  Eosseir  and  Sinai.) 

Fnchi,  Theodor.— '* Die  Geologische  Beschaffenheit  der  Landenge  von  Suez": 
Denksch.  k.  Akad.  Wiss.  fWien],  vol.  xxxviii  (1877),  pt.   2,  pp.  25-42, 

51s.  i-iii  (figures  of  Pleistocene  shells  and  geological  map  of  district). 
, ,    .  £.,  ft  Frtmblej.— <<  Fossil  SheUs  from  the  Western  Borders  of  the  Red 
Sea  '* :  in  Lyell's  "*  Principles  of  Geology,"  1st  ed.,  vol.  iii  (1833),  appendix  2, 

L57.    (This  appears  to  be  the  earliest  published  list  of  mollusoan  remains 
m  the  Red  Sea  deposits.) 
Isiel,  A.  —  '*  Considerazioni  generali  sulla   Fauna   Malacoloeia  del  Mar  Rosso 
e  suoi  rapporti  coUe  Faune  limitrose'* :   in  Issel's  <*  Malacologia  del  Mar 
Rosso,''  1869,  pp.  3-45. 

"Conchiglie  fossili  delle  spiagge  emerse":    in  Issel's  **  Malacologia  del 

Mar  Rosso,"  1869,  pp.  17-28. 

— ^—  **  Catalog©  dei  Molluschi  raccolti  nel  Mar  Rosso  " :  in  Issel's  "  Malacologia 
del  Mar  Rosso,"  1869,  pp.  49-242,  379-387. 
**  Spiegazione  delle  Tavole  di  Molluschi  e  di  Conchiglie  es^uite  sotto  la 
irezione  di  G.  C.  Savigny,  comprese  nell'  opera  intituolata  *  Description  de 


I'Egjrpte '  "  :  in  Issel's  "  Malacoloria  del  Mar  Rosso,"  1869,  pp.  309-376 

**  Ciatalogo  delle  Conchiglie  fossiU  raccolte  sulle  spiagge  emerse  del  Mar 

Rosso " :   in  Issel's  **  Mabcologia  del  Mar  Roseo,"  1869,  pp.  245-303, 

Sis.  iii-y.     (Contains  figures  of  new  species  and  map  showing  Quaternary 
eposits  of  district.) 

*'  Essai  sur  POrigine  et  la  Formation  de  la  Mer  Rouge  "  :  Bull.  Soc  Beige 

G^L,  vol.  xiii  (1900),  pp.  65-84. 

JonaSy  J.  H. — "  Unbeschnebene    Konchylien   des   Rothen   Meeres":    Zeitsch. 

Malakozoologie  (Menke  &  Pfeiifer),  1846,  pp.  65-67. 
— ^—  '*  Beitrag  zur  Erklarung  der  in  der  '  Descnption  de  I'Erypte '  abgebOdeten, 

nebst  Beschreibui^  einiger  anderer  im  rothen  Meere  una  den  angrenzenden 

Landem  lebender  MoUuiuen  " :  Zeitsch.  Malakozoologie  (Menke  £  Pfeiifer), 

1846,  pp.  59-64,  120-127. 
Jonsseanme,  P.— « Description  des  MoUusques  recueillis  par  M.  le  Dr.  Fauroi 

dans  la  Mer  Rouge  et  le  Golfe  d'Aden" :  M6m.  Soc.  Zool.  France,  vol.  i 

(1888),  pp.  165-223. 
XaeAndrew,  a. — '*  Report  on  the  Testaceous  Mollusca  obtained  during  a  Dredging 

Excursion  in  the  Gulf  of  Suez  in  the  months  of  February  and  March,  1869  "  : 

Ann.  Mag.  Nat.  Hist.,  ser.  rv,  vol.  vi  (1870),  pp.  429-450.     (This  author 

supports  Issel's  theory  that  the  Mediterranean  and  Red  Sea  were  united 

during  Eocene  and  Miocene  times.) 
Xartena,  E.  von. — ''Yerzeichniss  der  von  Dr.  E.  Sohweinfurth  im  Sommer  1864 

anf  seiner  Reise  am  rothen  Meere  gesammelten  und  nach  Berlin  eingesendeten 

zoologischen  gegenstande " :  Yerluuidl.  k.k.  Zool.  Bot.  Ges.  Wien,  vol.  xri 

(1866),  p.  381. 
Xayer-jBymar,  X. — **  Systematisches  Verzeichniss  der  Fauna  des  unteren  Saharianum 

(Marines  Quartaer)  der  Umgegend  von  Eairo,  nebst  Beschreibung  der  neuen 

Arten":  Palseontographica,  vol.  xxx  (1898),  pt.  2,  pp.  60-90,  pi.  xii. 
Henmayr,   M.— **  Pliocane  Meereskonchylien  aus   Aegypten "  :    Yerhandl.   k.k. 

geol.  Reichs,  1887,  p.  350.     (Gives  lists  of  shells  from  deposits  at  Wadi 

Mellaha.) 
iSaTignj,  J.  C— Plates  to  Audoun's  *♦  Description  de  I'Egypte,"  1817  (Hist.  Nat., 

vol.  ii). 
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ttaiiUi,  S.  A.— <<  Shells  from  the  raised  8ea-bed  at  Moees'  Wells "  (<<  Ayon  Musa/' 

at  the  head  of  the  Golf  of  Suez) :  in  Hull's  **  Memoir  on  Araoia  Petrsea, 

Palestine,  etc./*  1886,  p.  72. 
«  On  a  collection  of  Marine  Shells  from  Aden,  with  some  remarks  npon  the 

Belationship  of  the  MoUuscan  Fauna  of  the  Bed  Sea  and  the  Mediterranean  " : 

Proc.  ZooL  Soc.  London.  1891,  pp.  390-436,  pi.  xxxiii. 
Tristram,  H.  B.~"  Report  on  the  Terrestrial  and  Flnyiatile  MoUnsca  of  Palestine  "  : 

Proc.  ZooL  Soc.  London,  1865,  pp.  530-545. 
Tryon,  S.  W.— ••  Manual  of  Conchology,"  1880-1891,  vols,  ii-xiii. 
Yaillftnt,  L. — *<Recherches  sur  la  Faune  Malacolo^que  de  la  fiaie  de  Suez"  : 

Joum.  Conchyliologie,  1865,  pp.  97-127,  pi.  yi  (pars). 
Woodward,  8.  P. — *' Geographical  Dittrihution  of   the  Mollnsca,"  Indo-Padfic 

Province  (Red  Sea  and  Persian  Gulf) :  in  <*  A  Manual  of  the  MoUusca,"  1880, 

4th  ed.,  pp.  71-74. 

EXPLANATION  OF  PLATE  XX. 

f  10.  1. — Turbo  radiattti,  Gmelin.    20  feet  above  sea,  Gharib  lighthouse.    Back 

view  of  medium-sized  specimen. 
J'lo.  2. — Canarium  gibberuUtm,  Linnseus.     Jebel  Zeit.     Back  view  of  specimen 

with  varicoeed  spire. 
Fio.  3. — Strombu*  fueiatm,  Bom.     Between   Jebel   Mellaha  and  Jebel  Zeit. 

Specimen  showing  colour-markings  and  characteristic  tuberculations  at 

the  shoulder. 
Fio.  4. — CkmetUm  Fharwm%u$^  Linnseus.    20  feet  above  sea,  Gharib  lighthouse. 

Specimen  exhibiting  the  typical  granulate  ornamentation.^ 
Fio.  5. — Ba^  view  of  same,  with  umoilicus  surrounded  by  radial  plicse. 
J'lo.  ^.^Terebra  duplieata,  Linneus.    Jebel  Zeit.    Front  view  of  shell,  showing 

the  smooth,  depressed  ribbing  of  this  species. 
'Fio.  7. — Terebra  nweuUUa^  Linnaeus.    North  of  Ras  Mohamed  or  Ghazlandi  Bay. 

Front  aspect  of  specimen,  with  original  colour-bands. 
JPiQ.  %,^C(mus  nu9$aUUa,  Xinnsdus.    East  of  Gharib.     Specimen  showing  the 

closely-set,  granulated  striations  of  this  species. 
Fio.  9. — Conm  omaria^  Hwass.    Wadi  Gueh,  Camp  6.    A  well-marked  specimen, 

bearing  the  triangular  white  spots  peculiar  to  this  sheU. 
Fio.  10.— Fleurotoma  OamonHy  Reeve.    50  foot  beach  at  Gemsah.     Shell  showing 

small  brown  spots  on  the  raised  spiral  ribs, 
fio.  11. — Chieoreua  anguUfn-ui,  Lamarck.    South  of  Gharib  lighthouse.    Specimen 

exhibiting  a  prominent  node  between  each  of  the  vances. 
Fio.  12. —  Vatum  comigerumy  Lamarck.    80  feet  above  sea.  Camp  6,  north  of 

Wadi  Gueh.    A  medium-sized  specimen,  showing  the  typical  sculpture  of 

this  species. 

EXPLANATION  OF   PLATE  XXI. 

•Fio.  1. — Areopagia  seobituttaj  Linnsus.     Northern  Wadi  Gueh,  Camp  6,  80  feet 

above  sea.    Exterior  of  right  valve,  showing  the  rasp-like  character  of 

the  ornamentation. 
Fio.  2. —  Venm  retieuUUa^  Linnseus.    80  feet  above  sea,  Camp  6,  north  of  Wadi 

Gueh.    Exterior  of  a  right  valve. 
Fio.  3. — Cire$  peetinata,  Linnaeus.     South  of  Gharib  lighthouse.    Medium-sized 

example,  showing  characteristic  sculpture. 
Fio.  4. — Codakia  exatperata,  Reeve.    80  feet  above  sea,  Camp  6,  north  of  Wadi 

Gueh.    External  view  of  a  left  valve. 
■Fio.  5. — DoHnia  radiata.  Reeve.    South  of  Gharib  lig[hthouse.    External  view  of 

a  left  valve,  showing  strong  concentric  striations  and  the  growth  periods 

of  the  shell. 
JPio.  6. — Anadara  ttntiquaia,  linnteus.    Camp  6,  Wadi  Gueh.    External  surface 

of  left  valve. 
Fio.  7. — Olyeymer%$  ptctuneulus,  Linnseus.     Big  Bay,  south  of  Sherm,  Sinai. 

Exterior  of  valve,  showing  striped  colouring. 
Fio,  8. — Tridaena  gigaa,  Linnseus.      Between    Jebel   Mellaha  and  Jebel  Zeit. 

External  view  of  a  left  valve  belonging  to  a  small  example  of  this 

spedee. 
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EXPLANATION  OP  PLATE  XXII. 

Pig.  1. — Capiluna  SuppeUi,  var.  Barroni  (var.  nov.).    Has  Gbarib.    Pront  view  of 

specimen,  showing  the  elongate  perforation. 
Pio.  2. — ^Lateral  aspect  of  same  specimen. 

Pio.  3.— Internal  new  of  same  sheU,  showing  a  nearly  circular  basal  margin. 
Pio.  4. — Details  of  external  sculpture,  magnified. 
Pio.  5. — Alwtrt/onia,  allied  to  crUta-gaUi,  liniueus.   North  of  Eosseir.    Practored 

Tiew  of  specimen,   with  parts  of  both  valyes  attached,  exposing  the 

ligamental  area. 
Pig.  6. — Anodier  aspect  of  the  same  shell. 
Pio.  7.—Feeten  Vasteli,  Fuchs.    Northern  Wadi  Gueh,  Camp  6,  240  feet  above 

sea.    External  view  of  a  lower  valve. 
Pio.  8. — Fecten  Vatseliy  Puchs.    Upper  coral  terrace  between  Nebk  and  Sherm, 

S.E.  Sinai.    External  view  of  an  upper  valve  belonging  to  another 

specimen. 
Fio.  9. — Peeten  Vatseli,  Puchs.    Magnification  of  external  sculpture. 
Pio.  10. — ChUmyi  Heisai,  Bronn.    North  of  Eosseir.    External  view  of  a  1^ 

valve  with  numerous  ribs  ornamented  by  thin,  transverse,  elevated  strise. 
(Except  where  otherwise  mentioned,  the  figures  on  all  the  Plates  are  drawn 
natural  size.) 

VI. — Note  on  Ephippiocebas  clitbllabiuu,  J.  de  C.  Sowebby,  sp., 

AND   E.   C08TATUM,   A.   H.   FoOBD. 
By  G.  C.  Crick,  P.G.S.,  of  the  British  Museum  (Natural  History). 

rE  name  Nautilus  cUtellarius  was  given  by  J.  de  0.  Sowerby  ^  to 
a  Nautiloid  from  the  Coal-measures,  Coalbrookdale,  Shropshire, 
and  the  description  was  accompanied  by  three  figures,  each  repre- 
senting a  different  specimen.  In  1884'  the  species  was  included 
by  Professor  Hyatt  in  his  new  genus  Ephippioceras.  In  1891 
Dr.  A.  H.  Foord^  found  a  new  species,  Ephippioceras  costatum, 
which  was  said  to  be  "  distinguished  from  E,  cliteUarium  (to  which 
it  is,  however,  very  closely  related)  by  the  character  of  the  septa 
and  by  the  surface  ornaments.  The  septa  in  E,  costatum  do  not 
form  such  an  acute  lobe  upon  the  periphery  as  do  those  of 
E.  eliteUarium,  and  they  are  also  a  little  wider  apart  in  the  former 
species  than  they  are  in  the  latter.  Moreover,  E,  costatum  is  provided 
with  prominent  transverse  costss,  which  are  strongest  upon  the  sides 
of  the  shell  where  they  swell  out  into  heavy  folds.  These  costao  are 
directed  obliquely  backwards,  and  cross  the  septa  at  an  acute  angle, 
passing  across  the  periphery  and  forming  a  shallow  sinus  in  the 
middle.  None  of  the  specimens  in  the  British  Museum  have  the 
test  preserved,  so  that  the  ribbing  has  only  been  observed  upon 
casts.  The  costse  are  equally  well  developed  upon  the  body-chamber 
and  upon  the  septate  part  of  the  shell  in  the  adult,  but  they  were  either 
very  feeble  or  altogether  absent  in  the  young."  A  re-examination 
of  the  specimens  in  the  Museum  collection  shows  that  the  separation 
of  the  two  forms  is  quite  justifiable. 

Since  Dr.  Foord's  species  was  instituted  the  British  Museum 
collection  has  been  enriched  by  the  addition  of  two  of  Sowerby's 
figured  specimens,  viz.,  the  originals  of  his  figs.  5a  and  56. 

*  Trans.  Geol.  Soc,  vol.  v,  pt.  8  (1840),  expl.  of  plates,  ete.,  pi.  xl,  figs.  6,  doy  b. 

2  Proc.  Boston  Soc.  Nat.  Hist.,  vol.  xxii  (1884),  p.  290. 

3  Cat.  Fobs.  Ceph.  Brit.  Mus.,  vol.  ii  (1891),  p.  103. 
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O.  C,  Crick — Zieten's  Ti/pes  of  Ammonites.  56  / 

Sowerby'fl  desoription  of  his  species  is  as  follows  : — 

**  Globose,  nmbilicatedy  septa  numerous,  muoh  bent  in  the  middle, 
truncated  and  not  recurred  at  the  ends ;  siphuncle  central ;  umbilicus 
small ;  aperture  above  twice  as  wide  as  long. 

'*  The  length  of  the  aperture  is  1^  inch,  the  width  2f  inches." 

In  regard  to  the  angle  of  the  septa  on  the  ventral  or  peripheral 
area,  the  presence  of  obscure  coarse  costsd,  and  the  general  form  of 
the  shell,  the  original  of  Sowerby's  fig.  5a  agrees  exactly  with  the 
type  of  Foord's  K  coBtatum ;  the  costsB  appear  to  be  almost  wanting 
on  the  earlier  portion  of  the  outer  whorl,  but  the  fossil  is  here 
somewhat  imperfectly  preserved. 

The  specimen  represented  in  Sowerby's  fig.  56  is  a  fragment  of 
an  apparently  smooth  shell,  the  septa  of  which  form  an  angle  on  the 
.ventral  or  peripheral  area  corresponding  almost  exactly  to  that  in 
the  specimen  figured  by  Dr.  Foord  as  E.  clilellarium.  It  appears, 
however,  to  have  belonged  to  a  rather  more  rapidly  expanding  shell 
with  slightly  more  depressed  whorls  than  the  fossil  which  Dr.  Foord 
has  figured  and  referred  to  that  species ;  in  fact,  in  these  respects  it 
agrees  better  with  the  earlier  portion  of  the  outer  whorl  of  the 
original  of  Sowerby's  fig.  5a.  Still,  the  form  of  the  septa  and  the 
apparent  smoothness  of  the  shell  lead  us  to  regard  the  specimen  as 
specifically  identical  with  the  example  figured  by  Dr.  Foord  as 
E.  cUtellarium,  J.  de  C.  Sowerby,  sp. 

As  we  have  not  seen  the  original  of  Sowerby's  fig.  5,  we  can 
make  no  observations  on  that  specimen. 

From  the  foregoing  remarks  it  will  be  seen  that  the  specimens 
figured  by  Sowerby  probably  belong  to  at  least  two  distinct  species ; 
the  original  of  his  fig.  5b  agreeing  with  Foord's  interpretation  of 
E.  cliiellariumy  whilst  the  specimen  represented  in  his  fig.  5a  is 
specifically  identical  with  Foord's  E.  coatatum.  It  would  then  be 
of  great  interest  to  know  where  the  fossil  represented  in  Sowerby's 
fig.  5  is,  and  to  learn  whether  its  characters  correspond  to  those  of 
the  original  of  that  author's  ^g.  56,  or  to  those  of  the  example 
depicted  in  his  fig.  5a,  for  if  it  be  specifically  distinct  from  the 
fossil  represented  in  his  fig.  5a  {=iE,  costatum,  Foord),  we  think  it 
should,  owing  to  the  fragmentary  nature  of  the  original  of  his  fig.  5b, 
be  regarded  as  the  type  of  Sowerby's  species  {K  ditellarium). 


VII. — NoTB  ON  Ziktkn's  Typk-Spkoimens  of  Ammonites  poltqonius 

AND  Ammonites  discoides. 

By  6.  C.  Caick,  F.G.S.,  of  the  BritiBh  Museum  (Natural  History). 

THE  presence  of  Zieten's  type-specimen  of  Ammonites  ealcar^  in 
the  British  Museum  (Natural  History)  among  some  fossils 
which  were  bought  of  Dr.  Bruckmann  naturally  suggested  an 
examination  of  the  other  fossil  Cephalopoda  obtained  from  the 
same  source,  in  the  hope  of  finding  other  type-specimens.  Thus  far, 
the  result  of  this  examination  has  been  the  discovery  of  two  more 

^  See  Geol.  Mao.,  December,  1899,  p.  554. 
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of  Zieten's  types;   these  are  the  type-specimens  of  (i)  AmmofniteB 
polygonifM  and  (ii)  Ammonites  discoides} 

(i)  Ammonites  polygonius,  C.  H.  v.  Zieten,  Yerstein.  Wtirttembergs, 
Heft  iii  (1831),  p.  21,  pi.  xv,  figs.  6a,  6,  c.  This  specimen  [register 
number  39,699]  is  labelled  in  Dr.  Bniokmann's  handwriting  as 
follows  :  **  Ammonites  pusiulatus  Suevicus,  Qnenst  (Amm.  polygonius, 
Ziet.)  Selten.  Brauner  Jara  ^  (Omatenthon),  Gkimmelshausen";  and 
on  the  label  there  has  been  written  in  pencil  the  letters  "  [Dr.  0.]," 
signifying  "  Dr.  Oppel,"  as  I  have  been  able  to  ascertain  from  other 
labels  in  this  Museum  that  are  also  in  Dr.  Bruckmann's  handwriting. 
The  specimen  agrees  so  well  in  size,  form,  and  colour  with  Zieten's 
figure  (except  that  the  latter  is  reversed),  that  there  cannot  be  any 
doubt  whatever  about  its  being  the  type-specimen,  the  imperfection 
of  the  anterior  part  of  the  fossil  being  accurately  represented  in 
Zieten's  fig.  6a.  The  periphery,  however,  is  not  so  sharp  as  Zieten's  * 
fig.  66  indicates,  but  is  slightly  truncated*  owing  to  the  absence  of 
the  keel.  The  specimen  is  entirely  septate,  but  the  suture-line  is 
only  imperfectly  displayed  ;  its  complete  course  cannot  be  traced. 

Zieten  described  the  species  as  follows : — "  Eiicken  scharf,  die 
sehr  dicken,  der  Lange  nach  feingestreiften  Windungen  bilden  eiiien 
tiefen  Nabel,  welcher  mit  spitzigen  Knotchen  umgeben  ist  Bippen 
theils  einfach,  theils  gegabelt.  Nach  dem  vieleckigen  Durchsohnitt 
seiner  Windungen  benannt.  Yerkiest  im  Lias-Schiefer  von  Zell, 
unweit  Boll." 

[''Back  (periphery)  sharp;  the  very  thick  longitudinally  finely-striated  whorls 
form  a  deep  nmbilicus,  which  is  surrounded  by  pointed  tubercles.  Ribs  sometimes 
simple,  sometimes  bifurcated.  Named  after  the  polygonal  shape  of  the  cross-section 
of  its  whorls.    Pyritized  in  the  lias  shales  of  Zell,  not  far  from  BoU."] 

From  the  above  remarks  it  will  be  seen  that  Zieten's  statement  as 
to  the  horizon  and  locality  does  not  agree  with  the  label  which  now 
accompanies  the  specimen,  for  the  fossil  is  labelled  **  Brauner  Jura  ^ 
(Omatenthon),  Gammelshausen,"  which  is  a  short  distance  south-east 
of  Boll,  in  Wurttemberg,  whilst  Zieten  states  that  the  species 
occurred  in  the  *'  Lias-Schiefer  von  Zell,"  i.e.,  a  little  to  the  north- 
east of  Boll.  According  to  Oppel  ("  Juraformation,"  p.  560),  the 
species  occurs  pyritized  in  the  "Zone  of  Ammonites  anceps**  [=the 
Brauner  Jura  ^  in  part]  at  Oberlenningen  and  Gammelshausen,  near 
Boll ;  and  Quenstedt,  in  his  work  on  "  Die  Ammoniten  des  schwab- 
ischen  Jura"  (Bd.  ii.  Heft  14-16,  1887,  p.  765,  tab.  Ixxxvi,  fig.  10), 
describes  and  figures  the  species,  under  the  name  Ammonites  pustu^ 
latus  suevicus,  ^m  the  Brauner  Jura  ^  of  Gammelshausen.  It  is 
most  probable,  then,  that  the  specimen  is  accurately  labelled ;  for  it 
is  quite  evident  that  some  other  species  which  Zieten  attributed  to 
the  Lias  are  certainly  not  of  Liassic  age. 

It  may  be  mentioned  that  this  species  has  been  referred '  to  Denys 

^  Briefly  alluded  to  in  Gbol.  Mao.,  Deoemher,  1899,  p.  £56,  note  1. 

2  See  F.  A.  Qnenstedt's  "Die  Ammoniten  des  schwabischen  Jora,*'  Bd.  ii^ 
Heft  14-16  (1887),  tab.  Ixixvi,  fig.  10. 

3  See  Waagen's  **  Jurassic  Fauna  of  Kutch,"  vol  i  (Cephalopoda),  1873,  p.  41. 
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-de  Montfort's  genus  Amaltheus,  but  Parona  and  Bonarelli  ^  include  it 
in  the  genus  Lophoceraa  instituted  by  them  in  1897. 

(ii)  Ammonites  diacoidea,  C.  H.  v.  Zieten,  Verstein.  Wiirttembergs, 
Heft  iii  (1831),  _p.  21,  pi.  xvi,  figs,  la,  h,  c.  This  specimen  [register 
number  62,668j  is  accompanied  by  a  label  in  Dr.  Bruokmann's 
handwriting  to  the  following  effect:  "From  Zieten's  collection. 
Ammonites  eapellinua  jurensis,  Quenst.  {Amm.  discoidesy  Ziet,  T.  16, 
F.  1).  Selten.  Jurensismergel.  Heiningen  in  Wiirttemberg";  and  on 
the  label  there  has  been  written  in  pencil  the  letters  "  [Dr.  0.]," 
signifying  *'  Dr.  Oppel.'*  Its  size,  general  form,  and  colour  agree  so 
well  with  Zieten's  figure  (except  that  the  latter  is  reversed),  that  there 
can  be  no  doubt  whatever  as  to  its  identity.  At  about  the  com- 
mencement of  the  last  third  of  the  outer  whorl  a  small  piece  is 
broken  away  at  the  periphery,  and  although  this  imperfection  is  not 
figured,  yet  the  shape  of  the  anterior  portion  of  the  specimen  is  so 
accurately  represented  in  Zieten's  figure  that  there  cannot  possibly 
be  any  doubt  as  to  the  identification  of  the  specimen. 

Zieten's  description  is  as  follows: — "Riicken  sehr  scharf,  die 
inneren  Windungen  stark  bedeckt,  Eippen  sichelformig,  welche  auf 
der  scharfen  Buckenkante  in  spitzigen  Winkeln  zusammeulaufen. 
In  der  Hauptform  dem  Ammonites  discus  (Sow.),  ahnlich.  Aus  dem 
Lias-Sandstein  von  Beichenbach  im  Thai." 

["  Back  (periphery)  very  sharp,  the  inner  whorls  strongly  ornamented,  ribs  falci- 
form and  meeting  on  the  sharp  periphery  in  acnte  angles.  In  general  form  similar 
to  Ammonites  discusy  Sowerby.  From  the  Lias  sandstone  of  Reichenbach  in  the 
Valley."] 

In  this  case  also  there  seems  to  be  a  discrepancy  between  the  label 
and  Zieten's  statement  as  to  the  locality  of  the  fossil ;  Heiningen, 
the  locality  given  on  the  label,  being  about  three  miles  south  of 
Goppingen,  whilst  "Beichenbach  im  Thai,"  the  locality  given  by 
Zieten,  is  north  of  Donzdorf  and  almost  due  east  of  Gdppingen. 
Quenstedt,  in  his  work  on  "  Die  Ammoniten  des  schwabischen 
Jura"  (Bd.  i,  Heft  8-9,  1885,  pp.  416-7,  tab.  liii,  figs.  1  and  3), 
records  the  species  from  the  cTurensta-beds  at  both  places. 

It  may  be  remarked  that  this  species  was  placed  by  Hyatt '  in  his 

'  Mim.  Acad.  Sd.,  etc.,  Sayoie,  s^r.  it,  toL  vi  (1897),  p.  122. 
'  A.  Hyatt :  Bull.  Mas.  Comp.  Zool.,  vol.  i.  No.  6,  p.  102.  The  whole  Yolume, 
consisting  of  Nos.  1-13,  is  datea  1863-9 ;  No.  4  was  published  in  June,  1865,  and 
No.  6  is  dated  December  26,  1867,  bnt  the  conies  of  No.  5  that  I  hare  seen  are  not 
dated.  This  nnmber,  however,  was  publishea  towards  the  end  of  December,  1867. 
For  this  date  I  am  indebted  to  Mr.  8.  8.  Bnckmaa,  who  tells  me  that  he  has  a  copy 
of  Prof.  Hyatt's  paper  bearing  a  date-ilip,  of  which  the  following  is  an  exact  copy : — 

Boston  Society  of  Natural  History, 
March  23,  1868. 
[Extract  from  Records  of  Jan.  3,  1868.] 
*'  Mr.  A.  Hyatt  laid  upon  the  table  No.  5  of  the  Bitllbtin  of  thb  Mubbum  of 
€oMPAKATiyB  ZooLOOT,  published  about  a  week  since,  but  accidentally  bearing  no 
•date  of  publication,"  etc. 

S.  H.  SCUDDBR, 

Sec.  Boston  Soc.  Nat.  Hist. 
Please  attach  this  to  the  copy  of  the  Bullbtin  sent  to  you. 

A.  Htatt. 
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genus  lAoceras,^  bat  Buokman '  has  made  it  the  type  of  a  new  genusi. 
Polyplectus.  The  Museum,  then,  is  fortunate  in  possessing  this  type- 
specimen,  for  it  is  not  only  the  type  of  Zieten's  species  Amm. 
discoides,  but  also  the  type  of  Buckman's  genus  Polffplectus, 


iTOTiOES  o:f   i^:eii^(dx:r3. 


I. — ^Thk  Basal  (Cabbonifekous)  Conglomebatb  op  Ullswateb; 
AND  its  Mode  of  Obigin.  By  R.  D.  Oldham,  Geological  Survey 
of  India.' 

ON  the  western  shore  of  Ullswater,  near  its  lower  end,  a  good 
section  has  recently  been  exposed  of  the  basal  conglomerates 
variously  ascribed  to  Old  Bed  or  lowermost  Carboniferous  age.  This 
conglomerate  has  been  considered  as  glacial  in  its  origin,  but  does 
not  appear  to  the  author  to  present  any  true  glacial  characteristics^ 
It  contains  angular  and  subangular  blocks  of  all  sizes,  which  are  not 
scattered  indiscriminately,  but  ai-e  arranged  with  a  distinct,  thougb^ 
obscure,  banding.  In  the  admixture  of  blocks  of  all  sizes  and  the 
absence  of  rounded  boulders,  it  di£fers  from  the  known  river  deposits- 
of  temperate  climes,  and  more  closely  resembles  the  accumulations  of 
d6bris  which  result  from  cloud-bursts  than  any  other  form  of  deposit 
which  can  be  observed  in  the  British  Isles  at  the  present  day.  Th& 
conglomerate  cannot,  however,  be  reasonably  attributed  to  any  such 
local  deposits;  its  true  analogue  must  be  looked  for  in  the  dry 
regions  of  Western  and  Central  Asia,  where  all  rainfall  rushes  off 
the  bare  hills,  producing  an  effect  very  like  that  of  a  cloud-burst  in 
our  own  climate,  and  causing  a  mixed  mass  of  water,  silt,  and  stones 
to  rush  down  the  river  channels,  which  are  dry  or  carrying  only 
a  feeble  stream  in  ordinary  times.  This  mass  of  material  is  carried 
out  from  the  hills,  and  forms  a  deposit  with  a  gently  sloping  surface^ 
extending  for  miles  into  the  open  country.  Carried  along  in  this 
manner  the  rock-fragments  do  not  undergo  the  rounding  which  they 
suffer  in  a  more  permanent  torrent,  and  are  deposited,  on  the  sudden 
subsidence  of  the  flood,  in  a  mixed  mass  of  fragments  of  all  sizes. 
The  sections  exposed  along  the  roadside  near  the  foot  of  Ullswater 
not  only  exhibit  a  rude  trending,  due  to  the  action  of  successive 
floods,  but  also  show  patches  of  current  -  bedded,  fine-grained, 
gravelly  material,  representing  the  action  of  the  feebler  stream 
which  continued  after  the  passage  of  the  flood. 

The  conclusion  drawn  is  that  the  conglomerate  is  a  torrential 
deposit,  formed  on  dry  land,  near  the  foot  of  a  range  of  hills,  in 
a  generally  dry  climate,  varied  by  seasonal  or  periodical  bursts  of 
rain.  The  red  colour  of  the  fine-grained  material  suggests  tropical 
or  sub-tropical  conditions,  as  the  formation  of  red  soils  is  at  the 
present  day  so  much  more  common  in  tropical  than  in  temperate 
regions  that  it  may  almost  be  regarded  as  a  characteristic  of  a  hot 
climate. 

*  Orijrinally  spelt  Leioeeras, 

»  S.  S.  Buckman:  Inf.  Oo.  Amm.  (Mon.  Pal.  Soc),  pt.  iv  (1890),  p.  214. 

'  Read  before  the  British  Asaociation,  Section  C  (Geology),  Bradford,  Sept.,  1900. 
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II. — The  Influenob  of  the  Winds  upon  Climate  during  Past 
Epoohs  :  A  Mbteobolooioal  Explanation  of  some  Geologioal 
Pboblbms.    By  F.  W.  Habmeb,  F.G.S.*     (Abstract.) 

THIS  paper  is  a  summary  of  a  communication  the  author  hopes 
to  make  to  the  Geological  Society  of  London  during  the  present 
winter,  and  is  in  continuation  of  one  read  at  Dover  in  1899,  on 
''The  Meteorological  Conditions  of  North- Western  Europe  during 
the  Pliocene  and  Glacial  Periods." 

The  irregular  distribution  of  the  isotherms  in  the  northern 
hemisphere  is  largely  due  to  the  direction  of  the  prevalent  winds. 
In  regions  where  these  are  constantly  varying,  as,  for  example,  in 
Great  Britain,  the  climate  varies  diurnally,  one  day  being  often  dry 
or  cold  and  the  next  rainy  or  warm.  In  others,  where  the  wind 
ohunges  seasonally,  one  part  of  the  year  is  rainless  and  another 
pluvial.  Permanent  alterations  in  climate  would  equally  result 
were  the  course  of  the  prevalent  winds  permanently  changed. 

The  direction  of  the  winds,  which  must  always  be  more  or  less 
parallel  to  the  isobars,  depends  on  the  relative  position,  and  on  the 
form  and  alignment  of  areas  of  high  and  low  barometric  pressure. 
The  movements  of  the  latter  being  largely  interdependent,  any 
important  meteorological  disturbance,  however  caused,  may  make  its 
influence  felt  at  a  considerable  distance  from  the  focus  of  its  origin. 

The  winds  blow  round  areas  of  high  and  low  pressure ;  outwards, 
from  the  former,  and  to  the  north  of  the  Equator,  from  left  to 
right ;  and  inwards,  towards  the  latter,  from  right  to  left.  Hence, 
in  the  northern  hemisphere,  southerly  winds  prevail  to  the  east  of 
a  cyclonic  centre,  and  northerly  winds  to  the  west  of  it,  the  contrast 
between  the  temperature  of  the  two  areas  being  usually  in  proportion 
to  the  distance  the  aerial  currents  may  have  travelled  from  the  south 
and  the  north  respectively.  Warm  and  cold  winds  must  therefore 
necessarily  coexist,  causing  differences  in  climate  in  countries  having 
the  same  latitude.  The  winter  temperature  of  Hudson's  Bay  is,  for 
example,  60^  F.  colder  than  that  of  Great  Britain.  Similar  climatal 
conditions  must  have  also  existed  during  the  Pleistocene  epoch. 

The  continental  regions  of  the  northern  hemisphere,  being  at 
present  warmer  during  summer  than  the  ocean,  are  cyclonic ;  in 
winter  they  are  colder,  and  consequently  anticyclonic.  Over  the 
great  ice- sheets  of  the  Glacial  Period,  however,  high  pressure  must 
have  prevailed,  more  or  less,  at  all  seasons,  and,  generally,  the 
meteorological  conditions,  including  the  direction  of  the  prevalent 
winds,  and  local  variations  in  climate  must  then  have  been  widely 
different  from  those  of  our  own  times.  Oceanic  winds,  with  copious 
rainfall,  may  have  prevailed  in  regions  now  arid,  and  mild  winters 
where  they  are  now  excessively  severe.  Such  oases  of  anomalous 
climate  as  those  of  the  pluvial  conditions  of  the  Sahara,  and  of 
Arabia  and  Persia,  during  the  Pleistocene  era,  may  be  satisfactorily 
explained  by  the  changes  in  the  relative  positions  of  cyclonic  and 
■anticyclonic  systems  which  were  caused  by  the  gradual  growth  and 

^  Read  before  the  Britisk  Association,  Section  C  (Geology),  Bradford,  Sept.,  1900. 
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disappearance  of  the  great  ice-sheets,  as  may  be  the  altemate- 
humidity  and  desiocation  of  the  great  basin  of  Nevada,  the  former 
existence  of  the  mammoth  on  the  shores  of  the  Polar  Sea,  eta 

It  is  difficult,  however,  to  restore  hypothetically  the  meteorological 
conditions  of  the  Pleistocene  epoch,  on  the  theory  that  the  maximum 
glaciation  of  the  eastern  and  western  continents  was  contemporaneous. 
At  present  the  influence  of  the  Gulf  Stream,  and  the  south-west 
winds  caused  by  the  Icelandic  cyclone,  carries  in  winter  a  com- 
paratively warm  climate,  and  low  pressures,  northwards  into  the 
Arctic  Circle,  but  no  permanent  ice-sheet  could  have  existed  in 
Great  Britain  under  such  circumstances.  Cyclones  and  anticyclones 
in  regions  more  or  less  contiguous  are,  however,  necessarily  com- 
plementary, in  order  that  the  vertical  circulation  of  the  atmosphere 
may  be  maintained.  The  existence  of  an  enormous  polar  anticyclone^ 
extending  southwards  over  a  great  portion  of  Europe  and  North 
America,  would  have  involved  also  that  of  a  cyclonic  system  of 
corresponding  importance  in  the  North  Atlantic,  a  region  which 
must  have  been  at  all  sestsons  warmer  than  those  covered  with  ice  ;. 
but  this  would  have  caused  south-west  winds  over  Great  Britain, 
and  have  prevented  the  permanent  existence  of  an  ice-sheet  in  these 
islands.  If  Europe  and  North  America  had  been  glaciated  at  the 
same  time,  which  for  the  reasons  given,  however,  seems  improbable, 
the  Icelandic  cyclone,  which  now  lies  (statistically)  in  winter  near 
to  the  south-east  coast  of  Greenland,  would  have  been  forced  to 
the  south ;  but  the  further  south  it  went  the  warmer  would  have 
been  the  southerly  winds  which  blew  east  of  its  centre  towards 
Great  Britain  and  Western  Europe.  Conditions  similar  to  those 
which  may  have  prevailed  during  the  maximum  glaciation  of  North 
America  occurred  during  the  early  part  of  1899 — for  information  as 
to  which  the  author  desires  to  acknowledge  his  indebtedness  to 
Mr.  W.  N.  Shaw,  F.R.S.,  of  the  Meteorological  Office.  At  that 
time  a  great  low-pressure  system,  which  sometimes  extended  from 
Europe  to  America,  and  from  Iceland  to  the  Canary  Islands, 
occupied  the  North  Atlantic.  Vast  volumes  of  cold  air  from  the^ 
Arctic  regions  were  consequently  poured  over  North  America,  while^ 
Western  Europe  was  flooded  by  warm  aerial  currents  from  the 
8ub-tropical  zone.  At  the  beginning  of  February  temperatures  of 
from  —  40°  F.  to  —  60°  F.  were  commonly  registered  in  different 
parts  of  North  America ;  at  the  same  time  the  thermometer  rose  in 
London  to  66°  F.,  in  Liege  to  70°  F.,  and  in  Davos,  more  than 
6,000  feet  above  the  sea,  to  62°  F.,  the  average  maximum  for  that 
month  at  the  latter  place  being  88°  F.  For  some  weeks  storms  of 
exceptional  violence  occurred  almost  daily  in  the  Atlantic.  These 
coincident  phenomena  are  directly  traceable  to  the  same  cause. 

No  meteorological  difficulties  arise  if  we  adopt  the  hypothesis  that 
glacial  and  interglacial  periods  alternated  in  the  eastern  and  western 
continents.  If  the  ice-cap  extended  from  Greenland  to  Scandinavia, 
the  North  Atlantic  cyclone  would  have  been  forced  to  the  south- west,, 
towards  the  American  coast,  producing  warm  south-east  winds  over 
Labrador ;  if,  on  the  contrary,  it  stretched  from  Greenland  to  North. 
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Amerioa,  the  qyolone  would  have  been  driven  in  the  direction  of 
Europe,  causing  mild  weather  in  the  latter,  as  in  the  case  just  given. 
Such  a  view  affords  a  simpler  explanation  of  the  geological  facts 
than  those  usually  adopted.  Instead  of  supposing  that  the  climatic 
changes  of  the  Great  Ice  Age,  several  times  recurrent  at  intervals  of 
a  few  thousand  years  only,  were  due  to  astronomical  causes,  it  is 
here  suggested  that  the  climate  of  the  Pleistocene  epoch  being 
uniformly  colder  than  that  of  our  own  era,  conditioos  of  comparative 
warmth  or  cold  may  have  been  local,  as  they  now  are,  affecting  the 
great  continental  areas  at  different  periods. 


I^  DS3  V  I  E  ^W  S. 


I. — Studies  in  Fossil  Botany.  By  Dukintield  Hbnbt  Soott, 
M.A.,  Ph.D.,  F.R.S.,  F.G.S.,  Honorary  Keeper  of  the  Jodrell 
Laboratory,  Boyal  Gktrdens,  Kew.  pp.  xiii,  553,  with  151 
illustrations.     (London :  A.  &  0.  Black,  1900.) 

AS  the  title  of  Dr.  Scott's  work  implies,  "Studies  in  Fossil 
Botany  "  is  not  a  *  textbook '  in  the  ordinary  acceptation  of  the 
term,  giving  a  systematic  course  of  the  entire  range  of  fossO  plants, 
but  contains  thirteen  lectures  devoted  to  the  microscopical  structure, 
morphology,  and  affinities  of  Carboniferous  plants,  and  one  on  the 
Mesozoic  Gymnosperms.  The  groups  studied  are  not  chosen  at 
random,  but  follow  each  other  iu  natural  sequence. 

Lectures  i-iii  are  devoted  to  the  Equisetales.  The  Catamites  are 
first  described,  and  here,  as  in  the  subsequent  groups,  a  description 
of  the  external  characters  of  the  group  is  given.  These  descriptions, 
however,  take  a  subordinate  place  to  the  description  of  the  internal 
organization  of  the  plants,  which  forms  the  main  subject  of  the 
lectures.  The  development  of  the  young  Calamite  is  traced  through 
its  early  stages,  and  the  different  structures  which  go  to  make  up 
the  complete  plant  are  described  in  detail.  One  of  the  important 
results  of  Dr.  Scott's  examination  of  the  Calamiies  is  to  prove 
that  the  carinal  canals  of  Equisetum  and  Calamiies  are  homologous, 
both  resulting  from  the  rupture  of  the  primary  wood.  After  the 
description  of  Arthropitys,  the  common  English  form  of  Calamite, 
the  two  other  types  of  Calamite  stem  structure,  Arthrodendron  and 
Calamodendron,  are  considered.  The  Calamite  fructifications,  CalamO' 
staehys,  Palaostachya,  and  CinguJaria,  are  then  dealt  with  and  their 
morphology  discussed;  then  follow  notes  on  Archaoealamites  and 
Macrostachya. 

In  Lecture  iv  the  Sphenophyllales  are  considered.  In  this  group 
are  placed  the  two  genera  Sphenophyllum  and  Cheirostrohus,  This 
is  a  specially  interesting  chapter,  dealing  with  types  of  plant 
structure  which  disappeared  with  Carboniferous  times.  Fortunately, 
the  structure  of  stems,  roots,  leaves,  and  fructification  of  Spheno- 
phyllum is  known.  The  two  British  species  showing  structure — 
8.  pluri/oUatum,  from  the  Lower  Coal-measures,  and  8,  insigne,  from 
the  Caloiferous  Sandstone  series — are  fully  described.    Sphenophyllum 
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Dawsoni  is  taken  as  the  type  of  Sphenophyllum  fructification,  and  is 
fally  described.  It  might  be  remarked  here,  that  8.  Dawsoni  is 
almost  certainly  the  fruit  of  S.  cuneifolium,  Stemb.,  sp.,  of  which 
probably  S,  plurifoliatwn  is  the  stem.  The  fructifications  of  other 
species  of  Sphenophyllum  are  described  or  referred  to,  and  though 
the  vegetative  organs  of  all  the  species  of  Sphenophyllum  have 
a  great  similarity,  the  arrangement  of  the  sporangia  in  some  of 
the  species  vaiies  considerably :  so  much  is  this  the  case,  that  the 
genus  as  presently  employed  must  be  regarded  more  in  the  light  of 
a  group  than  a  genus ;  but  in  vegetable  paladontology  the  imperfect 
knowledge  of  many  critical  characters  makes  it  most  unwise  to  treat 
fossil  genera  in  the  restricted  manner  in  which  one  would  proceed 
in  dealing  with  existing  plants.  Although  Cheirosirobus  is  here 
placed  in  the  Sphenophyllales,  its  connection  with  Sphenophyllum  does 
not  appear  to  be  very  close. 

The  Lyeopodiales  occupy  Lectures  v-vii,  and  contain  descriptions 
of  Lepidodendron,  LepidopMotos,  SigiUariay  and  SUgmaria.  We 
cannot  agree  with  Dr.  Scott's  treatment  of  JBaUmia  and  TJlodendron. 
Halonia  is  correctly  referred  to  LepidopMoios  as  its  fruiting  branch 
(p.  156),  and  Ulodendron  in  part  to  Lepidodendron  and  SigiUaria 
(p.  152) ;  but,  again,  it  is  said :  **  What,  then,  was  the  nature  of 
the  Halonial  branches,  which  were  evidently  not  characteristic  of 
a  separate  genus,  but  occurred  as  terminal  ramifications  on  ordinary 
Lepidodendroid  stems?"  (p.  158).  Again,  "Williamson,  however, 
described  a  specimen  with  multiseriate,  quinouncially  arranged  scars 
of  the  Ulodendron  character,  and  also  a  Halonia  with  the  tubercles 
in  two  series,  so  this  distinction  loses  its  value"  (pp.  158-159). 
As  references  for  this  statement  Dr.  Scott  mentions  Williamson's 
figures  given  in  Mem.  xix,  pL  vi,  figs.  22  and  25a.  Now  the 
"cortex  of  Lepidophloios,  with  rows  of  Ulodendroid  fructiferous 
scars,  arranged  as  in  Halonia  regularis "  (Williamson,  Lc,  p.  33), 
shows  a  typical  specimen  of  a  fruiting  branch  of  LepidopMoios 
with  leaf  and  cone  scars,  and  does  not  possess  a  single  Ulodendroid 
character  ;  whereas  Williamson's  ^g.  22,  "  a  young  fructiferous 
Halonial  branch,  with  its  tubercles  in  two  lateral  series"  (Lc,  p.  33), 
is  decorticated,  and  does  not  exhibit  any  characters  by  which  it  can 
be  referred  with  certainty  to  either  Zepidophloios,  Lepidodendron,  or 
SigiUaria;  and  as  all  the  specimens  with  two  rows  of  large  scars 
which  have  shown  the  leaf-scars,  have  invariably  belonged  to  Lepido- 
dendron, SigiUaria,  or  Bothrodendron,  there  seems  little  warrant  for 
referring  this  specimen  to  LepidopMoios,  especially  when  no  specimen 
has  ever  been  described  or  figured  wherein  a  distichous  arrangement  of 
the  fructiferous  scars  has  been  found  associated  with  the  Lepidophloios 
leaf-scar.  We  also  know  the  specimen  referred  to  on  p.  160,  and 
here,  also,  there  is  absolutely  no  evidence  for  including  it  in  Lepido- 
pMoios  rather  than  referring  it  to  SigiUaria  discophora,  where  the 
fructiferous  scars  were  in  two  rows,  and  the  other  characters  of  this 
specimen  would  seem  to  refer  it  to  this  species.  We  would  naturally 
expect  to  find  that  the  internal  organization  of  two  such  closely 
allied   genera    as  Lepidodendron  and    LepidopMoios    possessed   an 
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almost  identical  struoture.  We  believe  it  is  now  reoognized  that 
isolated  vasoular  axes  of  Sigillaria  and  Zepidodendra  cannot  be 
distinguished  apart  from  the  structure  of  the  cortex  and  its  leaf 
<3asbions. 

The  internal  structure  of  the  Lycopodiales  is  admirably  described. 
The  material  for  the  study  of  the  Zepidodendra,  being  plentiful  and 
exceptionally  well  preserved  in  the  Yorkshire  and  Lancashire  Coal- 
field and  a  few  other  localities,  has  given  exceptional  facilities  for 
a  description,  which  could  be  little  more  perfect  had  it  been  drawn 
up  from  the  living  plant  The  description  of  the  internal  organiza- 
tion of  Sigillaria  is  also  good,  although  specimens  of  undoubted 
Sigillarian  stems  showing  structure  preserved  are  very  rarely  found. 
"  The  two  lateral  points  on  the  surface  of  the  leaf  cushion  below  the 
leaf-scar"  of  Lepidodendron  are  supposed  to  have  some  connection 
with  the  parichnoB.  This  conclusion  may  possibly  be  correct,  but  as 
the  point  is  said  to  have  been  investigated  by  Potonie  in  a  Lepido* 
phloioB,  where  the  curious  structures  known  as  the  parichnos  do  not 
occur  on  the  cushion,  it  is  probable  that  the  specimen  investigated 
was  a  Lepidodendron. 

It  might,  perhaps,  have  been  better  if  Dr.  Scott  had  substituted 
the  name  of  Lepidodendron  Veltheimianum  for  that  of  L.  hrevifolium, 
giyen  under  the  figure  on  p.  133,  as  the  plant  there  shown  really 
belongs  to  that  species,  and  especially  as  the  cones  of  the  same  stem 
are  named  Lepidostrohus  Veltheimianus  in  figs.  67,  68,  69,  and  70c-d. 
Professor  Williamson  subsequently  corrected  his  error  in  identifying 
the  Pettycur  plant  with  Ettingshausen's  Lepidodendron  hrevifolium, 
which  latter  is  a  Lepidophloios  {^zLepidopMoios  acerosus,  L.  (feH.,  sp.). 
In  the  same  lecture  Lepidostrohus  and  Spencerites  find  a  place ; 
the  latter,  known  only  from  its  cones  with  curious  winged  spores,  is 
a  most  peculiar  and  interesting  genus. 

The  Ferns  occupy  Lectures  viii  and  ix,  and  are  admirably  treated. 
Here,  we  believe,  is  given  the  best  and  most  concise  account  of  the 
structure  of  Palseozoic  ferns  with  which  we  are  acquainted,  for 
though  the  space  devoted  to  their  consideration  is  not  large,  their 
oharaoteristios  and  structure  are  most  clearly  described. 

Lecture  viii  serves  somewhat  as  an  introduction  to  the  study  of 
the  chief  fern  genera  and  their  fructifications,  and  concludes  with 
a  descriptioD  of  the  anatomy  of  Fsaronius.  Lecture  ix  is  reserved 
for  the  consideration  of  the  Botryopteridas,  the  two  forms  described 
being  Zygopteris  Orayi  and  Botryopieris  hirsuta,  which  belong  to  the 
herbaceous  monostelic  type  of  fern  structure.  The  petioles  of 
^.  Lacattii  and  Z.  htbraeiensis  have  long  been  known  as  common 
fossils  in  the  Yorkshire  and  Lancashire  Goal-balls.  Thanks  to  the 
labours  of  M.  Benault,  in  some  respects  Zygopteris  is  one  of  our 
most  completely  known  fossils,  but  its  affinities  are  difficult  to 
determine,  the  annulate  sporangia  of  Zygopteris  and  Botryopteris 
being  very  different  from  any  fructification  known  to  occur  amongst 
recent  ferns. 

The  Gycadofilices  occupy  Lectures  x  and  xi,  and  comprise  one  of 
Jthe  most  interestiog  groups  of  Palaeozoic  plants  with  which  the 
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palssontologist  has  to  deal.  The  gi'oup  contains  ferns  belonging  to^ 
several '  genera '  as  determined  by  the  impressions  of  their  fronds, 
for  we  find  members  of  the  Brongniartian  genera  Sphenopteris, 
Alethopteris,  and  Neuropteris  among  the  Cyoadofilioes.  SphenopUris 
Mdmnghausi  is  the  frond  of  Lyginodendron  Oldhamium,  and  M.  Benaolt 
has  shown  that  the  petioles  of  certain  Alethopteris  and  Neuroptens 
have  the  structure  of  Myeloxylon,  which  in  turn  has  been  found 
attached  to  the  stem  of  Medullosa,  one  of  the  Cycadofilices. 

In  dealing  with  these  interesting  plants,  Lyginodendron  Oldhamium, 
one  of  the  monostelic  forms,  is  first  described.  It  is  treated  very 
fully,  the  stems,  branches,  roots,  and  foliage  being  very  common 
in  the  'Coal-balls.'  The  only  point  of  interest  unknown  is  its 
fructification,  which,  however,  Dr.  Scott  presumes  may  have  been 
Calymmatotheoous,  as  shown  in  his  restoration  in  the  frontispiece. 
The  evidence  on  which  Dr.  Scott  arrives  at  this  conclusion  is  derived 
from  the  reference  to  Sphenopteris  (Calymmatotheca  ?)  Stangeri,  Stur, 
of  a  Calymmatotheoous  fructification,  and  his  belief  that  this  fern  is 
specifically  identical  with  Sphenopteris  HQninglmusi — a  view  we  are 
unable  to  share,  as  we  regard  these  two  species  as  essentially  distinct. 

Lyginodendron — or  perhaps  better,  Lyginopteris  Oldhamiay  as  re- 
named by  Potonie — is  followed  by  a  description  of  JSeterangium, 
another  monostelic  form  with  Sphenopteroid  foliage,  at  least  in  the 
case  of  J7]  Orievi,  Calamopitys  Satumiy  whose  generic  name  gives^ 
a  very  false  idea  of  its  true  position,  the  Cycadoxylea,  and  Frotopityea^ 
are  next  considered,  and  these  lead  us  up  to  the  genus  MeduUosa,  the 
type  taken  for  description  being  the  Medxdlosa  anglica^  Scott,  the 
oldest  known  member  of  the  genus,  and  one  possessing  a  lesa 
complex  structure  than  those  occurring  in  later  Carboniferous  rocks. 
MeduUosa  exhibits  a  polystelic  type  of  structure.  All  the  Cycado- 
filices show  the  remarkable  character  of  a  normal  development  of 
secondary  bast  and  xylem.  The  fern  petioles  originally  named 
Myeloxylon  are  now  known  to  belong  to  MeduUosa,  The  complex 
organization  of  these  ferns  has  been  worked  out  in  admirable  detail, 
and  the  occurrence  of  oycadaceous  characters  in  association  with  the 
fern  type  of  structure  is  fully  dwelt  on. 

The  Poroxylon  and  Cordaitea  fall  to  be  considered  in  Lecture  xii. 
The  Cordaitea  are  only  now  beginning  to  be  understood.  Some 
species  of  so-called  Arauearioacylon,  which  must  be  referred  to  the 
Cordaitea,  have  been  shown  to  possess  a  primary  wood  arranged  in 
a  circle  round  the  periphery  of  the  pith.  For  our  knowledge  of  the 
structure  of  the  flowers  of  Cordaites  we  are  indebted  to  M.  Renault, 
who  has  worked  them  out  in  great  detail.  The  anatomy  of  the 
leaves  and  roots  is  also  known  and  described.  The  position  of 
Cordaites  seems  to  lie  between  Cycads  and  Conifers,  though  at  the 
same  time  it  holds  individual  characters  which  prevent  it  being 
united  with  either. 

Lecture  xiii  gives  an  account  of  the  Mesozoic  Gymnosperms,  and 
Lecture  xiv  is  devoted  to  the  **  General  Results"  derived  from  the 
foregoing  course  of  study.  The  last  lecture  is  therefore  in  some 
respects  the  most  important  of  all,  for  it  gives  us  the  conclusions^ 
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arrived  at  regarding  the  affinities  of  the  varioas  groups  described^ 
and  contains  the  views  of  one  than  whom  there  is  none  more 
competent  to  express  an  opinion  on  the  subject  under  discussion. 

llie  results  attained  from  the  study  of  the  Palssozoic  floi*a  lead  to 
most  interesting  conclusions  as  to  the  antecedents  of  our  existing 
flora,  and  certain  points  are  prominently  brought  out.  The  first  of 
these  that  strikes  one  is  the  entire  disappearance  of  the  traditional 
simple  type  of  structure  which  was  supposed  to  characterize  the 
Carboniferous  flora,  the  truth  being  that  the  Palsdozoic  plant  type 
(at  least  as  far  back  as  the  basement  beds  of  the  Carboniferous 
formation)  is  of  a  much  more  complex  nature  than  is  found  to  occur 
in  the  representatives  of  the  similar  groups  at  present  existing ;  it  is 
also  further  seen  that  it  is  quite  possible  that  the  recent  Hquisetaceie 
are  not  derived  from  the  Calamitea,  but  are  descendants  of  a  simpler 
type  which  was  contemporary  with  them,  and  there  seems  to  be 
even  less  room  for  doubt  that  our  Zycopodium  and  Selaginella  have 
descended  from  a  group  of  herbaceous  Lycopods  which  existed  side 
by  side  with  the  Zepidodendra,  of  which  we  have  clear  evidence 
as  far  back  as  the  basement  beds  of  the  Carboniferous  formation. 
The  Zepidodendra  appear  to  have  entirely  disappeared  with  Palseozoio 
times  and  to  have  transmitted  no  descendants  to  later  formations. 

"  Studies  in  Fossil  Botany  "  is  one  of  the  most  valuable  additions 
to  the  literature  of  Palsaozoic  botany  which  has  appeared  for  many 
years,  and  shows  the  advance  made  during  the  last  decade  in  the 
knowledge  of  the  structure  and  classification  of  fossil  plants.  Th& 
student  of  recent  botany  also  profits  from  such  a  volume  as  that 
issued  by  Dr.  Scott,  for  it  is  impossible  to  fully  understand  the 
existing  vegetation  without  a  knowledge  of  the  source  from  which  it 
has  been  derived. 

Dr.  Scott  possesses  the  great  faculty  of  clear  description  and 
ability  to  grasp  the  salient  structural  features  of  the  plants  about 
which  he  writes,  and  this,  coupled  with  his  great  knowledge  of 
Palsdozoic  plant  structures,  makes  his  ''  Studies"  indispensable  to 
all  students  of  botany ;  and  we  can  only  congratulate  the  author  on 
the  issue  of  a  work  the  appearance  of  which  has  been  looked  for 
with  so  much  interest 

The  illustrations,  151  in  number,  are  well  chosen  and  excellent  in 
eveiy  respect,  and  many  of  them  have  been  specially  prepared  for 
the  author.  The  Index,  a  most  important  adjunct,  is  also  very 
complete.  B.  E. 


II. — The  Calabro-Sioilian  Earthquake  op  November  16,  1894. 

(1)  O.  Mercalli,    ''I  terremoti  della  Calabria  meridionale  e  del 

Messinese  "  :   Memorie  della  Soc.  Ital.  delle  Scienze,  vol.  xi 
(1897),  pp.  l-lo4. 

(2)  A.  Ricoo,   **  Kiassunto  della  sismografia  del  terremoto  calabro- 

siculo  del  16  novembre,  1894'' :  Bend,  della  R.  Accad.  dei 
Lincei,  vol.  viii  (1899),  pp.  3-12,  35-46. 
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(3)  P.  Tacchini,   "Terremoto  oalabro-messinese  del  16  novembre, 

1894"  :  ibid.,  vol.  iii  (1894),  pp.  275-277. 
{4)  P.  Taochiniy  ''  Sulla  registrazione  a  Roma  del  terremoto  oalabrb- 

messinese  del  16  novembre,  1894":   ibid.,  vol.  iii  (1894), 

pp.  366-367. 
^5)  BolL  Meteor,  dell'  Uflf.  Centr.  di  Meteorologia  e  Gteodinamica, 

Snpplemento  113. 

Shortly  after  its  oocurrence,  a  Government  CJommission  was 
appointed  to  study  the  disastrous  earthquake  of  November  16,  1894, 
in  Sicily  and  Southern  Italy.  The  work  was  divided  into  sections, 
the  seismological  part  being  undertaken  by  Prof.  A.  Rioco,  the 
director  of  the  observatory  of  Catania.  Prof.  G.  Mercalli  has  also 
completed  a  valuable  memoir  on  the  seismic  history  of  the  district, 
the  final  chapter  being  devoted  to  the  earthquake  series  of  1894. 

Both  the  writers  mentioned  furnish  maps  of  the  isoseismal  lines, 
Prof.  Ricco  making  use  of  the  Rossi-Forel  scale  of  intensity  and 
Prof.  Mercalli  of  that  which  bears  his  name.  In  the  central  portion 
of  the  disturbed  area,  the  two  series  of  lines  agree  fairly  closely, 
but  they  differ  somewhat  as  regards  those  of  lower  intensity. 
Discrepancies  in  the  latter  are,  however,  to  be  expected  on  account 
of  the  small  number  of  observations  collected  and  the  large  portion 
of  the  area  occupied  by  the  sea. 

The  epicentral  district,  which  overlaps  that  of  the  great  Calabrian 
earthquake  of  February  5-6, 1783,  lies  about  twenty  miles  north-east 
of  Reggio  Calabria.  To  the  west  and  north-west,  there  is  a  notable 
expansion  of  the  isoseismal  lines ;  but  in  the  opposite  direction  they 
are  closely  grouped,  showing  that  the  intensity  of  the  shock  died 
out  rapidly  in  crossing  the  crystalline  masses  of  Aspromonte  and 
towards  the  Ionian  Sea.  The  outermost  isoseismal,  according  to 
Prof.  Ridco,  includes  an  area  of  43,890  square  miles. 

The  damage  to  property  was  confined  to  an  area  of  3,540  square 
miles  in  the  provinces  of  Reggio  Calabria  and  Messina;  more 
than  three-fourths  occurring  in  the  former  province,  where  it  was 
estimated  to  amount  to  about  a  million  pounds.  It  was  due  chiefly 
to  the  very  poor  materials  employed,  the  insufficient  foundations,  the 
imperfect  connection  between  the  different  parts  of  the  building,  and 
the  exceedingly  heavy  roofs.  Altogether,  922  houses  were  completely 
ruined,  and  44,493  more  or  less  seriously  injured;  about  a  hundred 
people  were  killed  and  nearly  one  thousand  wounded. 

In  nearly  all  parts  of  the  disturbed  area,  the  shock  consisted  of 
two  distinct  series  of  vibrations ;  the  first  and  weaker  series  being 
separated  from  the  other  by  an  Interval  of  rest  lasting  two  or  three 
seconds.  Within  and  near  the  epicentral  district,  the  concluding 
vibrations  were  vorticose,  being  subject  to  rapid  changes  of  direction. 
Both  Etna  and  Stromboli  were  strongly  shaken,  but  neither  showed 
any  sign  of  increased  volcanio  6U3tion.  A  puteometer  at  Catania 
{70  miles  from  the  epicentre)  indicated  an  abrupt  rise  in  the  water 
^f  17  mm.,  followed  by  a  fall  of  14  mm.,  after  which  it  returned 
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nearly  to  its  original  level.  The  shock  was  also  recorded  by 
seismographs  at  Catania,  Portici,  Ischia,  Rooca  di  Papa,  Home,  Siena, 
Payia,  and  Nioolaiew  (1,009  miles  fi-om  the  epicentre) ;  and  the^ 
diagrams  given  by  several  of  these  instruments  show  two  or  more 
groups  of  oscillations. 

Prof.  Bicco  has  made  some  attempts  to  determine  the  depth  of 
the  seismic  focus,  but  the  results  do  little  more  than  illustrate  the 
imperfection  of  the  methods  employed.  From  the  recorded  times  at 
Catania,  Ischia,  and  Rome,  he  estimates  it  at  99  miles  ;  and  from  the 
time-curve  corresponding  to  eight  good  observations,  at  107  miles. 
Mallet's  method  was  inapplicable,  and  Button's  gave  values  ranging 
from  13  to  100  miles. 

Prof.  Mercalli's  numerous  observations  on  the  direction  of  the 
shock  have  an  important  bearing  on  the  origin  of  the  earthquake. 
He  shows  that  there  are  two  small  areas  in  which  the  directions 
intersect,  one  on  the  north-west  slope  of  Montalto  d'Aspromonte,. 
between  Plati  and  Delianova ;  the  other  in  the  sea,  a  few  miles  from 
the  coast,  between  Palmi  and  Cape  Peloro.  Recalling  the  double 
character  of  the  shock,  he  concludes  that  the  earthquake  originated 
in  two  foci,  the  one  beneath  the  sea  being  the  last  in  action  and? 
giving  rise  to  the  strongest  part  of  the  shock.  C.  Davison. 


III. — Ok  Mbtamorphio  Rooks  in  Eastern  Tyrone  and  Southern 
Donegal.  By  G.  A.  J.  Cole.  Trans.  Roy.  Irish  Acad.,  1900, 
vol.  xxxi,  pp.  431-472. 

On  obrtain  Rocks  styled  *Felstones'  ooourrinq  as  Dykes 
in  the  County  of  Donegal,  l^y  G.  A.  J.  Cole  and  J.  A. 
Cunningham.  Scientific  Proc.  Roy.  Dublin  Soc,  1900,  vol.  ix 
(N.8.),  pp.  314-324. 

rE  problems  presented  for  investigation  in  the  complex  regions 
of  crystalline  rocks  near  Pomeroy  in  T^Tone,  and  Pettigo  in 
Donegal,  are  stated,  in  the  first  paper,  as  a  series  of  questions — 

(i)  Is  the  intrusive  granite  distinct  from  the  gneiss,  or  is  the^ 
former  merely  an  offshoot  from  the  latter  ? 

(ii)  Is  the  gneiss  itself  an  igneous  rock,  and  if  so,  has  it  assumed 
its  local  richness  in  ferromagnesian  minerals  by  absorption  of  basic 
and  other  rocks  adjoining  it  ? 

(iii)  If  the  gneiss  is  distinct  from  and  older  than  the  granite, 
what  claim  has  it  to  be  regarded  as  Arcbsean  and  fundamental  ? 

The  author  favours  the  view  that  the  gneiss  has  been  produced 
by  the  intricate  intrusion  of  a  granitic  magma  into  ancient  schists, 
which  may  originally  have  been  of  sedimentary  origin.  The  gneisses 
thus  produced,  as  well  as  the  less  altered  schists,  are  traversed  by 
and  included  in  the  granite  of  the  Slieve  Gallion  tjpe,  which  also 
outs  an  overlying  basic  igneous  series,  the  latter  giving  rise  to 
*  eyes '  of  amphibolite.  The  paper  is  illustrated  by  two  plates,  one 
of  them  coloured. 
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Three  series  of  igneous  dykes  ocour  in  the  schists  and  quartzites 
of  the  north-west  of  Ireland;  those  belonging  to  the  series  inter- 
mediate in  age  are  described  in  the  Survey  publications  as  'felstones,' 
but  they  have  since  been  shown  by  Hyland  and  others  to  include 
various  rocks  of  the  lamprophyre  group  (camptonite,  vogesite, 
minette,  kersantite).  In  the  second  paper  quoted  above  these 
determinations  are  confirmed,  and  a  glassy  olivine-basalt  belonging 
to  the  same  series  is  also  described. 


IV. — SoMB  Bbobnt  Papbks  by  Professor  W.  M.  Davis. 

WHEN  ascending  the  valley  of  the  Ticino  on  the  way  to 
St.  Gothard,  Professor  W.  M.  Davis  observed  that  the  side 
valleys  opened  into  the  main  valley  several  hundred  feet  up,  and 
streams  cascaded  down  in  sharp-out  shallow  clefts.  Such  dis* 
cordance  between  main  and  lateral  valleys  appears  to  be  the  rule 
in  Alpine  regions,  and  in  all  valleys  which  have  been  strongly 
glaciated  ;  and  the  attention  which  Professor  Davis  has  given 
to  the  subject  dispelled  the  doubts  which  he  had  long  felt  as 
to  the  ability  of  ice  to  erode  deep  valleys  and  basins.  It  is  not 
surprising  to  learn  that  the  features  are,  in  his  opinion,  of  so  much 
importance  that  a  special  name,  that  of  '  hanging  valleys,'  suggested 
by  Professor  Gilbert,  is  employed  to  designate  these  side  valleys. 
The  peculiar  features  to  which  he  draws  attention  are  ascribed  to 
the  action  of  the  heavy  ice-stream  that  once  filled  the  valley  to 
a  great  depth :  this  trunk  glacier  at  times  rose  so  high  that  the 
small  lateral  glaciers  were  held  back  and  prevented  from  deepening 
their  channels,  while  the  main  valley  was  continuously  subject  to 
erosion.     ("  Appalachia,"  vol.  ix,  March,  1900.) 

The  recognition  of  the  competence  of  glaciers  thus  to  deepen  and 
widen  their  valleys  Js  regarded  by  Professor  Davis  as  an  important 
supplement  to  the  belief  that  they  can  excavate  lake  basins.  He 
therefore  pursues  the  subject  of  "  overdeepened  main  valleys  and 
hanging  lateral  valleys,"  in  an  article  on  Glacial  Erosion  in  France, 
Switzerland,  and  Norway  (Proc.  Boston  Soc.  Nat.  Hist.,  voL  xxix, 
July,  1900).  He  points  out  that  if  the  existing  breadth  of  the 
glaciated  valleys,  which  are  broad-floored,  had  been  acquired  in 
the  ordinary  manner  by  the  lateral  swinging  of  the  main  stream 
and  by  the  weathering  of  the  walls,  the  long  time  required  for  such 
a  change  would  have  amply  sufficed  for  the  side  streams  to  out  do¥m 
their  valleys  to  grade  with  the  main  valley.  He  concludes  that  the 
troughs  were  deepened  and  widened  by  ice-action.  Similar  features 
occur  on  the  borders  of  Lake  Lugano  and  other  Alpine  lakes,  in  onr 
own  Lake  District,  and  in  Norway.  Irregularities  along  the  main 
valleys  eroded  by  glaciers  may  have  arisen  through  the  greater 
destruction  of  softer  or  more  jointed  rocks;  and  if  the  glacier 
should  vanish  by  climatic  change  while  in  this  condition  a  lake 
would  occupy  the  deepened  reach,  and  its  outlet  would  flow  forward 
over  rocky  ledges  to  ^e  next  lower  reach  or  lake.     As  the  energy 
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of  a  glacier  is  declining,  it  becomes  in  its  lower  course  only 
a  transporting,  not  an  eroding  agent,  and  this  would  facilitate  for 
a  time  irregular  erosion.  Professor  Davis  discusses  the  origin  of 
Oorrie  Basins,  and  concludes  with  a  review  of  previous  writings  on 
the  subject  of  glacial  erosion.  This  and  the  previously  mentioned 
paper  are  illustrated  by  excellent  photographic  plates. 

Professor  Davis  gives  a  graphic  account  of  a  fault  scarp  in  the 
Lepini  Mountains  of  Italy  (Bull.  Geol.  Soc.  Amer.,  voL  xi,  April, 
1900).  The  region,  as  described  by  Signer  Viola,  consists  of 
€retaceous  limestone,  capped  here  and  there  with  Eocene  beds, 
uplifted  and  separated  from  the  Eocene  of  the  Sacco  Valley  by 
a  fault  of  considerable  magnitude.  Extinct  Quaternary  volcanoes 
occur  on  the  southern  part  of  the  fault  line.  The  fault  scarp  may 
be  seen  from  Morolo  station  to  occur  along  the  mountain  base.  If 
the  original  uplift  of  the  mountain  mass  ever  produced  a  great  fault 
cliff  all  traces  of  it  are  now  destroyed,  for  the  front  is  carved  into 
a  succession  of  buttressing-spurs  and  ravines.  'Bock-fans'  or 
debris  due  to  the  retrogression  of  the  escarpment  are  described. 
The  fault  scarp,  in  Professor  Davis'  opinion,  is  much  more  recent 
than  the  great  dislocation  which  upraised  the  mass  of  the  mountain 
front,  and  was  probably  due  rather  to  an  irregular  depression  of  the 
Piedmont  Eocene  mass  than  to  a  further  elevation  of  the  Cretaceous 
mountain  block. 

In  an  article  on  the  Fresh -water  Tertiary  Formations  of  the 
Eocky  Mountain  Eegion  (Proa  Amer.  Acad.,  vol.  xxxv,  March, 
1900),  Professor  Davis  maintains  that  sufficient  attention  has  not 
been  given  to  the  fact  that  rivers  deposit  as  well  as  erode,  and  that 
in  consequence  the  probable  fluviatile  origin  of  most  Piedmont 
plains  has  not  been  generally  realized.  He  gives  reasons  for 
believing  that  mere  continuity  of  even -bedded  deposits,  such  as 
occur  in  the  Tertiary  formations  of  Western  America,  even  if 
occupying  many  square  miles,  should  not  alone  be  taken  as  con- 
clusive evidence  of  lacustrine  origin.  The  object  of  his  paper  is  to 
^promote  consideration  of  the  subject. 


coi^ieESFOisriDEiisrcE- 


A  FELSTONE  DYKE  ON  LLECHOG. 

Sir, — In  my  paper  published  in  the  Gsologioal  Maoazinb  under 
the  title  '' Firstfruits  of  a  Geological  Examination  of  Snowdon,"^ 
I  said  that  the  Felstone  Dyke  on  Llechog  might  possibly  be  the 
same  as  are  seen  in  Gwm  Clogwyn  at  the  foot  of  Llechog.  I  have 
now  satisfied  myself  that  such  is  the  case,  and  I  give  a  diagram  (not 
drawn  to  scale)  showing  how  the  dyke  rises  through  the  cleaved 
felsitic  rocks  of  the  mountain,  and  a  sketch-map  of  the  area 
where  it  occurs.    The  dyke  is  from  15  to  20  yaids  wide  where 

^  Qbol.  Mao.,  1900,  June,  p.  267. 
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the  Beotion  is  drawn,  but  on  the  top  of  the  cliff  it  rapidly  thins- 
away  towards  the  south-east.  In  the  owm  below  it  can  be  traced 
for  about  two  hundred  yards  till  it  is  lost  to  sight  under  debris. 


Diagram. 
D,  dyke ;  V,  cleaved  volcanic  rocks. 


Sketch-map. 
D,  dyke ;  V  ////,  cleaved  volcanic  rocks.     Strike  of  cleavage,  N.E. 

This  arm  of  Snowdon  called  Llechog  must  not  be  confused  with 
that  overlooking  the  Pass  of  Llanberis.  The  word  Llechog  mean» 
a  '  slaty  place/  and  is  applied  to  more  than  one  such  place. 

J.  B.  Dakyks. 

Rhtd-ddu,  Cabna&yon. 


Victoria  Institute. — At  a  special  general  meeting  of  the  Victoria 
Institute  held  at  Adelphi  Terrace  on  Monday,  6th  November,  Sir 
G.  Gabriel  Stokes,  President,  in  the  chair.  Professor  Edward  Hull, 
F.R.S.,  was  unanimously  elected  Secretary  to  the  Institute,  in  the 
room  of  the  late  Captain  Francis  Petrie. 
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